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PHBNOLIC  COMPOUNDS  OF  THE  TTHEAT  PLANT 


IN  RELATION  TO  RUST  RESISTANCE 


By  John  Ansel  Anderson 
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INTROUUCTION. 

Because  of  the  immense  economic  losses  due  to  the 
ravages  of  Wheat  Stem  Rust,  the  Research  Council  of  Canada 
innitiated  an  extensive  program  of  research  on  this  disease^ 
with  the  hope  of  finding  methods  of  control*  Biochemical 
investigations  on  the  nature  of  susceptibility  and  resistance 
were  undertaken  at  the  University  of  Alberta,  under  the  dir¬ 
ection  of  Ur*  R*  Newton*  Pert  of  the  program  outlined  consist¬ 
ed  of  the  analysis  of  the  tissue  of  wheat  varieties  of  graded 
resistance  to  rust,  for  organic  compounds  which  might  play  a 
part  in  the  physiology  of  rust,  either  as  substances  toxic  to 
the  fungus  or  as  essential  foods*  For  reasons  which  are  set 
forth  below,  the  phenolic  compounds  were  chosen  for  first  in¬ 
vestigation*  The  progress  which  has  been  made  in  these  studies 
is  reported  in  this  thesis* 


TAiiiHW  sHf  *^0  RccTnioszitoo  dijoi®i:' 


S0::ATnT8SS  ^x2U^  .0^  WjiZk^n 


no2^Bb£iA  £bbiiA  uddl 

.^OI?OUuO>iT^I 

e-ic}"  Qj  eu5  seaaol  oiaioxxoss  aaxxaiiHiX  an^  xo  ea^BoaS  • 

BDBnjs:-  xo  Ixoiii>oO  lio'iaa^©?!  od£  biq£B  ^^Qd\-  o 

f03CL  :.J:L  xxriu  no  rCotaasoi  iEB'X30‘sq;  sTiBiiod'xa  i.!;a 

*  r-.xxj'iioa  "0  3Dcdt6ia  giixaxii:!!:  ‘'O  agou  aif^  iijivv 
oo.iBXx bi'is  'X.J  tliol.to’soaxTa  lo  eurJaa  odt  no  ^ttol^s-gZ^BBrnl 
~ix';  oxx  X9b/-^  ,xXxedi:A  Xo  enx  Jb  ns’gaXtadnxf  Ox3\7 

s  .Z  .no.-  boiiiljoj  sisi'p.o’tcf  eri£  ::o  Xxib'x  ■^fiod?jo}l  .E  .xCI  io  aod'joe 
1-0  aBiXoli^T  Xxerfry  lo  ox/aait  0110"  lo  oill  lo  be 

je  \i’lq  lloli-j.  .:Xji;xf?/  oLJi-xoqwoo  oiiiBB’io  *xol  oo  eonalaia^-T 


taa’  rfoi'o^V  X^LlGaX?.31 

.O&OO' 

IllXnOXXG  OB  ' 

10  B.r;gai:iX. 

0  LbJ 

''f  i:  .'oxl  xoi  no^o■'•o 

3x>:n;ogiiioe 

olIorfGdfr  orfl 

,'.^oIoX  r? 

.01  ol 

Pib:.T-.  9r>^rr}-  r£  9  b  Bfn  BOOd"  ' 

■iBd'  'Xo  i 

'2a9i;50iq  oiiT 

,  no  roa^^i: 

1 

31^:.:'  ni  beliocex  si 


O:.  ''Ji'x  .y-  ' 


••  1 


the  phenol  hypothesis. 

The  various  hypotheses  ^hich  have  been  put  forward 
to  explain  the  infection  capabilities  of  the  different 
biologic  forms  of  the  rust  fungus,  Pucoinia  gramtnis  trittci , 
and  the  degrees  of  resistance  of  the  different  wheat  varieties, 
are  based  on  knowledge  of  the  behaviour  of  the  fungus  in  resis¬ 
tant  and  susceptible  hosts.  This  knowledge  has  been  obtained 
by  cytological  investigations. 

In  190£  Ward  started  cytological  investigations  of 
two  species  of  Pucoinia.  In  his  early  work  on  P.  disperse 
(48)  he  realised  that  structural  features  elucidated  by  the 
microscope  were  not  responsible  for  the  phenomena  of  immunity 
and  susceptibility  on  the  part  of  the  host,  or  of  capacity  or 
incapacity  to  infect  on  the  part  of  the  fungus,  and  he  there-^ 
fore  concluded  that  the  phenomena  resided  in  the  individual 
properties  of  the  living  cells.  Two  explanations  were  put 
forward:  (49,  p.  139)  "The  fungus,  when  growing  on  a  species 
of  Br omus  A,  may  refuse  to  infect  another  species  B,  either 
because  B  secretes  some  body  of  the  nature  o f  an  enzyme  or 
anti*toxin  which  effectually  keeps  the  mycelium  of  the  fungus 
at  bay,  or  because  the  fungus  habituated  to  the  peculiar  nut¬ 
ritive  or  other  conditions  afforded  it  by  the  host-plant  A, 
cannot  immediately  adapt  itself  to  the  very  different  conditions 
offered  by  the  species  B."  After  investigations  of  the  nutria 
tive  theory  it  was  discarded  (49).  In  a  later  paper  (50,  p.  £1) 
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Ward  sums  up  his  general  conclusions  as  follows:  "In  other 
words,  infection,  and  resistance  to  infection,  depend  on  the 
power  of  the  IHingus-protoplasm  to  overcome  the  resistance  of 
the  cells  of  the  host  by  means  of  enzymes  or  toxins;  end, 
reciprocally,  on  that  of  the  protoplasm  of  the  cells  of  the 
host  to  form  anti-bodies  which  destroy  such  enzymes  or  toxins, 
or  to  excrete  chemotactic  substances  which  repel  or  attract 
the  Fungus-protoplasm*"  In  the  seme  paper  (p*  39),  in  dis¬ 
cussing  the  behaviour  of  P*  glumarum  on  immune  wheat  varie¬ 
ties,  a  further  suggestion  is  put  forward:  "The  only  conclu¬ 
sion  we  can  come  to  is  that  the  hyphae  attach  the  cells  too 
vigorously  at  the  outset;  instead  of  capturing  them,  as  it 
were,  by  putting  in  haustoria  which  delicately  tap  the  cell- 
contents  and  make  them  serve  as  sources  of  food-supplies,  the 
Fungus  clumsily  kills  these  cells,  and  is  in  consequence  sub¬ 
jected  to  all  the  exigencies  of  starvation,  or  worse"*  The 
hypotheses  of  Ward  are  given  in  detail  since  in  spite  of  many 
investigations  of  a  similar  nature,  some  of  which  are  cited 
below,  they  still  remain  unchallenged* 

Gibson  (16),  a  student  of  Ward,  studied  the  behav¬ 
iour  of  several  species  of  rust  fungi  in  plants  unrelated  to 
their  natural  hosts*  She  rejects  the  idea  of  starvation  and 
attributes  the  death  of  the  fungus  after  entrance  to  toxic 
substances  emitted  by  the  host  cells*  Marryat  (24),  another 
student  of  Ward,  worked  with  Puecinia  glumarum  on  wheat* 

She  interprets  her  results  as  evidence  in  favour  of  the  toxin-^ 

antitoxin  explanation  of  resistance  and  susceptibility* 
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Stakman  (3b)  studied  the  behaviour  of  Pucoinia 


gr»m inis  tritici  on  susceptible  and  immune  wheat  varieties. 

He  concludes  that  immunity  is  due  to  "physiological  incompat" 
ibility  as  evidenced  by  the  killing  of  the  host  cells  by  the 
fungus  and  the  more  or  less  sudden  death  of  the  fungus  itself”, 

A  general  statement  such  as  this  covers  all  the  hypotheses, 

Newton  (26)  favours  the  third  explanation,  that  the 
failure  of  the  rust  fungus  to  infect  resistant  hosts  is  due  to 
the  starvation  of  the  parasite  by  the  local  killing  of  the  host 
cells, 

Wellensiek  (51)  working  with  Pucoinia  sorghi,  ernpha- 
sizes  the  fact  that  the  differences  in  development  on  resist® 
ant  and  susceptible  hosts  are  only  quantitative.  He  accounts 
for  these  differences  by  assuming  that  a  special  nutritive 
substance  is  present  in  varying  amounts  in  different  varieties 
of  the  host  plant.  The  killing  of  the  host  cells  which  occured 
in  resistant  varieties  he  attributes  to  toxic  substances  excre¬ 
ted  by  the  fungus  after  its  death  from  starvation. 

The  most  comprehensive  and  detailed  cytological 
investigation  of  the  behaviour  of  Puccinia  gramini s  tritici  in 
susceptible  and  resistant  wheat  varieties  has  been  made  by  Allen 
(1,  2,  3),  Definite  evidence  is  brought  forward  to  show  that 
the  fungus  secretes  some  substance  into  the  host  cell.  In 
susceptible  hosts  this  substance  stimulates  the  cell  and  it  pro« 
duces  additional  food  to  meet  the  demands  of  the  fungus.  In 
resistant  hosts  the  first  cells  attacked  by  the  fungus  are  killed 
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outright,  apparently  as  a  result  of  the  fungal  secretion* 

Cells  which  are  attacked  after  the  initial  attempt  show  pro¬ 
gressively  less  violent  reactions  and  the  fungus  is  often  able 
to  establish  itself  end  continue  to  grow  for  some  time.  Evidence 
is  brought  forward  in  support  of  the  suggestion  that  different 
biologic  forms  of  rust  differ  in  their  secretions  and  that  the 
chemical  response  of  the  host  varies  according  to  the  secretion 
it  receives.  In  general,  Allen  concludes  that  resistance  and 
susceptibility  to  rust  may  be  explained  by  differences  in  the 
response  of  the  host  cell  protoplasm  to  substances  secreted  by 
the  fungus. 

After  due  consideration  of  the  evidence  brought  for« 
ward  in  the  papers  reviewed  above,  the  toxic  substance  hypothesis 
appears  to  offer  the  most  plausible  explanation  of  rust  resist^ 
ance  in  wheat.  The  terms  toxin  and  antitoxin  have  been  used  by 
other  workers;  but  because  of  their  connotation  it  seems  inadvis¬ 
able  to  use' them  in  plant  pathology.  In  animal  pathology  toxin 
refers  to  soluble  poisonous  products  of  bacterial  growth  or 
decay,  and  antitoxin  refers  to  those  products  of  the  blood  sera 
which  are  produced  on  introduction  of  the  toxin  and  which  have 
the  power  of  counteracting  its  effect.  There  is  little  evidence 
to  show  that  such  a  mechanism  occurs  in  plants,  at  least  in 
connection  with  fungous  diseases.  It  is  true  that  the  rust 
fungus  probably  excretes  some  substance  into  the  host  cell,  but 
whereas  in  animal  diseases  the  bacterial  toxin  is  injurious  to 
the  cells  of  both  immune  and  susceptible  individuals,  such  is 
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not  the  case  with  rust*  Here  we  find  that  the  cell  of  a  suscept¬ 
ible  host  is  not  injured  by  the  fungal  excretion  but  is  rather 
stimulated  to  more  active  metabolism*  If  the  antitoxin  hypoth¬ 
esis  is  retained,  these  facts  must  be  explained  by  postulating 
that  the  fungal  excretion  is  a  toxin,  but  that  the  cell  immed¬ 
iately  counteracts  its  effect  by  the  production  of  an  antitoxin# 
In  resistant  hosts  on  the  other  hand,  the  substance  excreted  by 
the  fungus  is  apparently  fatal  to  the  cell,  end  the  cell  cont¬ 
ents  in  their  turn  inhibit  the  growth  of  the  fungus*  According 
to  the  antitoxin  hsrpothesls,  the  cell  is  killed  because  it  does 
not  produce  an  antitoxin*  The  death  of  the  fungus  may  then  be 
attributed  to  starvation  brought  about  by  its  own  action  in 
killing  the  cell  end  thus  preventing  it  from  producing  the 
necessary  food.  These  explanations,  however,  strain  the  meanings 
of  the  words  toxin  and  antitoxin  considerably*  They  also  entail 
the  paradoxical  statement  that  susceptibility  is  extreme  resist¬ 
ance,  and  vice  versa,  that  resistance  is  extreme  susceptibility# 
By  dropping  the  toxin-antitoxin  hypothesis  a  much 
simpler  and  more  plausible  explanation  can  be  offered*  The  sub¬ 
stance  excreted  by  the  fungus  probably  contains  enzymes  whose 
function  is  to  modify  the  contents  of  the  host  cell  so  that  they 
can  be  absorbed  as  foods  by  the  fungus*  In  susceptible  varie¬ 
ties  the  enzymes  fulfil  their  function  without  apparent  damage 
to  the  cell*  In  resistant  varieties,  the  action  of  the  enzymes 
instead  of  producing  foods,  or  besides  producing  them, sets  free 
some  substance  in  the  host  cell  which  is  toxic  to  both  the 
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fungus  and  the  cell  Itself.  This  hypothesis  therefore  postu*- 
lates  that  there  are  in  resistant  varieties  substances  7/hich 
are  potentially  toxic  to  the  fungus. 

A  review  of  the  literature  on  disease  resistance 
offers  certain  indications  of  the  class  of  compounds  which  may 
play  a  part  in  resistance  as  toxic  substances.  Cook,  and 
Taubenheus  (7,  8)  found  cases  in  which  disease  resistance  was 
apparently  correlated  with  the  rate  of  tannin  formation  in  the 
host  cells.  Working  with  sixty-six  organisms  they  also  found 
that  tannic  acid  was  more  toxic  than  a  variety  of  other  vegetable 
acids,  and  that  in  general  it  was  more  toxic  to  parasitic  than 
to  saprophytic  fungi.  Cook  and  Wilson  (9)  working  with  members 
of  the  genus  Endothia  in  cultural  media  found  that  in  most  cases 
growth  was  retarded  by  0.8%  of  tannin.  Endothia  parasitica 
however,  was  able  to  use  tannin  as  a  food.  In  general  they 
claim  that  tannin  inhibits  fungal  growth  and  that  resistance  in 
certain  plants  to  attack  by  fungous  diseases  is  due  to  tannin  in 
their  cells  as  one  factor.  Graves  (17)  investigated  the  cause 
of  persistent  development  of  vigorous  basal  shoots  from  the 
roots  of  chestnut  trees  which  had  been  killed  by  blight.  The 
parasite  was  found  to  ^ow  more  slowly  in  the  roots  than  in  the 
stems  and  it  is  suggested  that  this  is  due  to  the  fact  that  the 
roots  contain  twice  as  much  tannin  as  the  stems. 

Hawley,  iJ’leck  and  Eiohards  (21)  found  a  high  correla¬ 
tion  between  the  keeping  quality  of  wood  and  the  toxicity  of 
water  extracts  of  the  wood  to  fungi.  The  toxic  properties  of 
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the  extracts  are  attributed  to  tannins  and  water-soluble 
colouring  matter  of  unknown  composition. 

Walker  (44)  investigated  smudge  in  onions.  Coloured 
varieties  were  found  to  be  resistant  as  a  class  whereas  colour** 
less  varieties  were  susceptible.  The  pigments  are  confined  to 
the  dry  outer  scales.  The  author  offers  evidence  showing  that 
the  chief  factor  causing  resistance  to  smudge  is  apparently  a 
substance  closely  associated,  if  not  identical  with  these  pig¬ 
ments*  Their  functioning,  according  to  Walker  and  Lindengren 
(46)  depends  on  the  ready  diffusability  of  these  pigments  out 
of  the  deed  tissue  into  the  soil  water  where  they  inactivate 
the  fungus  before  attack.  The  press-juice  of  the  inner  scales 
of  the  onion  was  also  toxic  to  fungi  but  no  difference  existed 
between  the  toxicity  of  extracts  of  resistant  and  susceptible 
varieties.  The  authors  therefore  conclude  that  the  cell  sap  is 
not  a  factor  in  resistance  but  may  be  important  in  limiting 
growth  after  the  fungus  has  entered.  Investigating  the  nature 
of  these  toxic  substances  of  the  juice,  Walker  al  (47)  found 
them  to  be  of  two  types,  one  of  which  is  neither  removed  nor 
readily  broken  down  by  heat  and  one  of  which  is  readily  volatile 
In  later  work  with  neck  rots  of  onion.  Walker  (46)  offers  the 
same  explanation  of  resistance. 

Tins  (42)  suggests  that  certain  varieties  of  cabbage 
owe  their  resistance  to  cabbage  yellows  to  a  greater  content  of 
sulfur -containing  compounds,  but  offers  no  experimental  evidence 
on  this  point.  Reynolds  (32)  attributes  resistance  to  wilt  in 
certain  varieties  of  flax  to  a  higher  content  of  the  glucoside 
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linamarin,  T^hlch  can  be  split  by  the  enzyme  phaseolutinase  to 
produce  tree  hydrocyanic  acid# 

Of  the  various  substances  mentioned  above,  those 
most  likely  to  occur  in  wheat  are  the  water-soluble  pigments, 
related  compounds,  and  tannins#  A  consideration  of  the  struct¬ 
ural  formulae  of  these  two  classes  of  compounds  shows  that  they 
are  related  in  that  the  molecules  of  both  contain  various  simple 
phenols#  This  suggests  that  their  toxicity  may  be  due  to  their 
phenolic  properties,  since  it  is  well  known  that  many  of  the 
simple  phenols  have  antiseptic  and  germicidal  properties#  With 
these  considerations  in  mind  a  tentative  hypothesis  which  would 
form  the  basis  of  an  experimental  investigation  was  drawn  up  as 
follows:  resistance  to  stem  rust  in  wheat  is  du^  to  phenolic 
compounds  set  free  in  the  cell  on  the  entrance  of  the  fungus; 
these  kill  the  cell  and  inhibit  the  growth  of  the  parasite# 

A  review  of  the  literature  on  the  antiseptic,  germici¬ 
dal  and  fungicidal  properties  of  phenolic  compounds  has  yielded 
information  which  serves  to  substantiate  the  phenol  hypothesis 
by  offering  further  suggestions  as  to  the  part  these  coiopounds 
may  play  in  rust  resistance# 

Small  differences  in  the  structure  and  composition  of 
phenolic  compounds  have  been  shown  to  effect  their  antiseptic 
and  germicidal  efficiency  considerably.  Johnson  and  lane  (2£) 
find  that  the  incorporation  of  an  alkyl  group  in  the  aromatic 
nucleus  of  resorcinol  increases  its  antiseptic  properties,  and 
that  the  increase  is  a  function  of  the  size  of  the  group  intro¬ 
duced#  Tilley  end  Schaffer  (41)  find  tliat  the  same  liolds  true 
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for  the  germicidal  activity  of  phenol.  Similarly,  in  a  survey 
of  phenolic  fungicides.  Gray  (Iti)  reports  that  cresols  are  more 
effective  than  phenol.  This  suggests  that  small  differences  in 
the  composition  of  phenolic  compounds  occuring  in  different  var¬ 
ieties  of  wheat  might  have  marked  effects  on  their  resistance 
to  various  rust  forms. 

Cooper  and  Mason  (10)  find  that  B*  f luorescens  non- 
liquifaoiens  is  selectively  attacked  by  physico-chemical  germi¬ 
cides  such  as  phenol,  whilst  B.  coli  is  less  sensitive  to  them 
more  sensitive  to  chemical  germicides  such  as  the  quinones. 
Substitution  of  various  groups  in  the  aromatic  nucleus  affects 
the  germicidal  power  on  these  two  bacteria  unequally,  with  the 
result  that  the  selective  action  may  be  obscured  or  even  rever¬ 
sed.  These  facts  suggest  that  the  different  infection  capabil¬ 
ities  of  the  various  biologic  forms  of  rust  may  be  due  on  the 
one  hand  to  small  differences  in  the  composition  of  phenolic 
compounds  occuring  in  different  wheat  varieties,  and  on  the  other 
to  differences  in  the  toxicity  of  a  given  phenol  to  the  different 
biologic  forms  of  the  fungus. 

In  putting  forward  these  suggestions  it  has  been  taken 
for  granted  that  differences  in  composition  and  structure  of 
phenols  will  have  similar  effects  on  fungicidal  activity  to  those 
on  antiseptic  and  germicidal  activity.  Justification  of  this 
supposition  is  based  on  the  assumption  that  the  fungicidal  pro¬ 
perties  of  phenols,  like  their  antiseptic  and  germicidal  proper¬ 
ties,  depend  on  their  ability  to  coagulate  proteins. 
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The  hypothesis,  that  the  fungal  excretion  sets  free 
in  the  oells  of  resistant  hosts  a  substance  which  is  toxic  to 
both  the  fungus  and  the  cell,  may  be  elaborated  along  other 
lines*  If  "the  substance  produced  is  responsible  for  the  death 
of  the  cell  by  denaturation  or  coagulation  of  the  cell  proteins 
it  can  not  exist  as  such  in  the  cell  under  normal  conditions* 

It  seems  probable  that  it  would  be  present  in  some  non-toxic  com¬ 
bination  or  form,  rather  than  that  it  would  be  synthesized  only 
on  the  entrance  of  the  fungus*  If  it  be  postulated  that  the 
toxic  substance  is  a  relatively  simple  phenol,  it  may  occur  in 
the  cell  as  a  constituent  of  the  molecule  of  a  more  complex 
substance  such  as  a  pigment  or  tannin;  or  again,  if  the  toxic 
substance  be  one  of  the  more  complex  compounds,  they  may  occur 
in  innocuous  form  as  glucosides*  The  action  of  the  fungal  secre¬ 
tion  postulated  in  resistant  hosts  results  in  the  breaking  down 
of  the  complex  substances  which  sets  free  the  toxic  compounds* 

The  possibility  of  the  enzymes  secreted  by  the  various  rust  forms 
differing  in  their  ability  to  bring  about  this  decomposition, 
or  of  different  compounds  in  the  various  wheat  varieties  differ¬ 
ing  in  their  resistance  to  such  decomposition,  offers  further 
possible  explanations  of  the  mechanism  of  differential  resistance* 
It  seems  almost  too  much  to  hope  that  the  relatively 
simple  suggestions  put  forward  above  will  serve  to  explain  all 

the  complications  of  rust  reactions  in  wheat*  However  a  more 
specific  working  hypothesis  than  those  based  on  cytological  in« 
vestigations  was  absolutely  essential  in  order  to  narrow  the 
field  of  investigation,  and  since  none  more  plausible  suggested 
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themselves,  the  phenol  hypothesis  was  tentatively  adopted. 


INV!^3TIGATI0N  OF  PMOLIC  COl^OUNDS 

OF  THE  WHEAT  PLANT. 

QUANTITATIVE  ANALYSIS. 

Comparisons  of  the  quantities  of  phenolic  compounds 
occuring  in  susceptible  and  resistant  wheat  varieties  offer 
one  method  of  testing  the  truth  of  the  phenol  hypothesis.  The 
program  drawn  up  for  this  investigation  included  the  analysis 
of  the  tissue  and  press^juice  of  eight  wheat  varieties  of  graded 
resistance  to  rust,  which  have  been  used  in  previous  studies  on 
rust  resistance. 

V/e  have  so  far  been  unable  to  find  any  definite  in¬ 
formation  in  the  literature  on  the  phenolic  compoiinds  occuring 
in  wheat  plants.  Tannins  are  almost  universally  present  in 
plants.  Shibata,  Nagai  and  hishida  (37)  find  that  flavone  de« 
rivatives  are  very  widely  distributed  and  they  may  therefore  be 
expected  to  occur  in  wheat.  Collison  (6)  working  on  the  toxic¬ 
ity  of  extracts  of  plant  residues  to  the  growth  of  seedlings, 
obtained  qualitative  tests  for  vanillin  in  extracts  from  wheat 
straw,  and  tests  for  vanillin  and  salicylic  acid  in  extracts  of 
alfalfa  hay.  ( I't  is  interesting  to  note  that  he  suggests  that 
some  of  these  rare  substances  with  antiseptic  properties  may 
play  a  part  in  the  prevention  and  limitation  of  fungal  attack.) 
Ignorance  of  the  phenolic  compounds  present  in  the  wheat  plant, 
and  the  probability  of  such  compounds  occuring  in  minute  amounts. 
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oomplicate  the  investigation. 

T^o  general  methods  of  procedure  suggested  themselves; 
(1)  to  make  a  qualitative  investigation  of  the  phenolic  com¬ 
pounds  occurlng  in  the  wheat  and  to  follow  this  with  an  attempt 
to  develop  quantitative  methods  for  comparing  varieties;  and  (2) 
to  make  a  general  quantitative  survey  of  the  phenol  content  of 
the  varieties,  and  if  this  showed,  marked  differences  favouring 
the  hypothesis,  to  make  a  more  detailed  investigation  later. 

Since  the  latter  method  offered  a  chance  of  arriving  at  a  con¬ 
clusion  with  regard  to  the  soundness  of  the  hypothesis  more 
quickly,  it  was  adopted  in  preference  to  the  longer  hut  more 
logical  method  of  investigation. 

Methods  for  the  Determination  of  Phenols. 

Gihbs  (14)  has  reviewed  the  literature  on  phenol 
tests  and  has  classified  them  according  to  the  chemistry  of  the 
reaction  involved.  More  than  forty  tests  varying  in  the  char¬ 
acter  of  the  reagent  are  reported,  and  these  have  been  so  modi¬ 
fied  and  complicated  in  various  ways  that  the  tests  described 
in  the  literature  number  more  than  a  hundred.  A  few  of  these 
tests  have  been  applied  on  a  quantitative  basis.  The  large 
majority  are  not  susceptible  to  quantitative  application,  and 
are  not  qualitatively  specific  for  any  phenol,  and  some  are  not 
specific  for  phenols  as  a  class  but  are  given  by  other  substances 
not  phenols. 

Since  quantitative  determination  of  phenols  have  been 
made  on  such  complex  physiological  fluids  as  blood  (4,  28,  31,  39) 
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and  urine  (12,  43),  their  appeared  to  be  no  a  priori  reason  why 
one  of  the  methods  should  not  be  adapted  to  the  determination 
of  phenols  in  the  press-juice  from  wheat  leaves.  The  older  vol¬ 
umetric  methods  have  been  discarded  in  favour  of  colorimetric 
methods.  The  colour  reagent  of  Folin  and  l^enis  (11)  has  been 
used  almost  exclusively.  It  is  a  phosphotungstic -pho ephomolybdic 
complex  which  is  reduced  by  phenols  to  give  a  bright  blue  colour9 
The  reagent  is  not  specific  for  phenols.  Gortner  and  Holm  (16) 
have  pointed  out  that  it  reacts  with  a  number  of  protein  degrad¬ 
ation  products  and  Levine  (23)  finds  that  it  gives  a  colour  with 
a  great  variety  of  compounds  and  concludes  that,  in  general,  it 
reacts  with  all  sorts  of  compounds  having  more  or  less  reducing 
properties • 

Hanke  and  Koessler  (19)  developed  a  quantitative  col¬ 
orimetric  method  for  mixtures  of  certain  phenols.  It  depends  on 
the  formation  of  a  soluble  azo  dye  by  the  reaction  of  diazotized 
sulfanilic  acid  with  the  phenol  in  alkaline  solution.  The  rea-^ 
gent  has  certain  disadvantages.  It  produces  different  colours 
with  different  classes  of  phenols.  Thus  with  phenols  in  which 
the  para  position  is  unoccupied  it  gives  a  yellow;  with  phenols 
in  which  the  para  position  is  occupied  by  a  substitute  containing 
no  amine  group  it  gives  a  red.  V/here  mixtures  of  different  mem¬ 
bers  of  the  two  classes  occured  it  might  therefore  be  impossible 
to  use  the  reagent  owing  to  the  difficulty  of  making  quantitative 
colorimetric  comparisons  of  two  liquids  which  contain  two  colours 
mixed  in  different  proportions.  The  conditions  under  which 
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aoourate  quantitative  measurements  oould  be  made  iwere  also 
found  to  differ  from  one  phenol  to  another.  The  reagent  is 
not  specific  for  phenols;  it  reacts  v/ith  aromatic  compounds  in 
which  an  amine  group  replaces  the  hydroxyl  group  of  the  phenols, 
with  ammonia  and  amines,  with  various  compounds  containing  a 
ketone  group  and  with  certain  alcohols.  However,  in  spite  of 
these  objections,  Theis  and  Benedict  (39)  have  obtained  satis« 
factory  results  for  phenols  in  blood  by  the  use  of  a  similar 
reagent,  die!5oti^ed  p-nitroaniline. 

Since  neither  of  these  reagents  is  specific  for  phen- 
ols  as  a  class  the  problem  of  determining  phenols  by  their  use 
is  largely  one  of  getting  rid  of  interfering  substances.  In 
the  recent  work  on  blood  and  urine  cited  above,  the  most  impor* 

tent  interfering  substances  have  been  precipitated  by  the  use 
of  various  reagents.  In  earlier  work  on  urine,  reviewed  by 
Tisdall  (43),  several  methods  were  developed  for  the  separation 
of  volatile  phenols  by  steam  distillation.  Extraction  of  the 
phenols  from  acid  solution  with  ether,  followed  by  extraction 
from  ether  with  dilute  sodium  hydroxide  solution  has  been  used 
by  Tisdall  (43)  and  by  Hanke  and  Koessler  (20). 

Since  lack  of  knowledge  of  the  phenols  and  interfere 
ing  substances  which  occur  in  wheat  prevented  the  planning  of 
a  detailed  investigation  and  method,  the  following  broad  tent* 
ative  program  was  drawn  up. 
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Tentative  Program  of  Investigations# 

Quantitative  analysis  of  tissue  and  press-juice  of  ^heat  plants* 

A#  Determination  of  uncombined  phenols* 

1*  By  steam  distillation  of  the  presa-Juice* 

2*  By  ether  extraction  of  the  press-juice  and  tissue* 

B*  Determination  of  phenols  in  simple  combination  by  acid 
hydrolysis  of  the  press-juice  and: 

1*  Steam  distillation* 

2*  Ether  extraction* 

C*  Determination  of  compounds  containing  phenolic  groups* 

1*  Tyrosine. 

2o  Pigments  -  Plavone,  Plavanol,  Anthocyanldin* 

3*  Tannins* 

Qualitative  analysis  of  tissue* 

SXPEPII.T5NTAI 

Definitions 

Since  we  have  no  knowledge  of  the  phenols  which 
occur  in  wheat,  the  term  "phenol”  must  be  interpreted  through¬ 
out  this  report  in  conjunction  with  the  method  of  extraction 
and  determination*  Thus,  "volatile  phenols"  refers  to  those 
compounds  )?diioh  are  volatile  with  steam  and  which  react  with 
the  phenol  reagent  used*  Again,  "total  phenols"  refers  to 
those  compounds  which  are  extracted  by  ether  from  the  filtrate 
from  press-juice  after  precipitation  of  the  proteins  by  tungstic 
acid,  re-extracted  from  the  ether  by  sodium  hydroxide  solution, 
and  which  give  a  blue  colour  with  the  Polin-Denis  phenol  reagent* 
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Attempt  to  Determine  Volatile  Phenols  in  the  Pres8*»Juloe« 

Preliminary  experiment ♦ 

A  750-cc.  portion  of  press-juice,  prepared  according 
to  a  method  developed  In  this  laboratory  (26a)  v?as  steam  distil¬ 
led  until  2  1.  of  distillate  had  collected#  The  distillate  was 
treated  with  4  g#  of  sodium  hydroxide,  evaporated  to  about  160 
cc#,  acidified  with  hydrochloric  acid  and  made  up  to  200  cc.  It 
was  postulated  that  this  solution  would  contain  the  free  volatile 
phenols.  It  gave  a  positive  test  with  the  phenol  reagent  of  Hanke 
and  Koessler  (19),  the  colour  being  yellow.  This  reagent  was 
selected  in  preference  to  that  of  Polin  and  Denis  (11)  since  it 
is  less  subject  to  error  through  interfering  substances. 

The  residue  in  the  distilling  flask  was  filtered  from 
the  coagulated  proteins  and  reduced  to  a  volume  of  750  cc.  An 
amount  of  concentrated  hydrochloric  acid  (18.75  cc.),  equivalent 
to  that  used  in  the  hydrolysis  of  combined  phenols  in  urine, was 
added  and  the  solution  was  steam  distilled  until  2  1.  of  distil¬ 
late  had  collected.  This  solution  was  concentrated  and  made  up 
to  volume  as  outlined  above;  it  was  postulated  that  the  final 
solution  would  contain  such  volatile  phenols  as  had  been  previous¬ 
ly  held  in  simple  combination,  possibly  as  glucosides.  This  sol¬ 
ution  also  gave  a  yellow  colour  with  the  reagent. 

Attempt  to  develop  a  quantitative  method. 

The  amount  of  distillate  which  would  have  to  be  col« 
lected  in  order  to  obtain  all  the  volatile  phenols  was  first 
investigated.  The  distillate  was  collected  in  100-cc.  portions. 
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Each  of  these  was  tested  with  the  reagent  and  the  depths  of 
colour  developed  were  compared.  The  depth  of  colour  decreased 
slowly  until  the  tenth  portion  when  it  remained  about  constant. 
Similar  results  were  obtained  with  the  distillate  after  adding 
acid.  In  spite  of  the  feet  that  this  experiment  indicated  that 
no  definite  end-point  could  be  obtained  it  was  felt  that  a  rough 
quantitative  comparison  between  varieties  might  be  made  by  this 
method  by  distilling  over  a  definite  volume. 

Before  attempting  to  decide  what  this  volume  should  be 
it  was  necessary  to  investigate  the  quantitative  aspects  of  the 
colorimetric  determination.  The  difficulties  were  two;  to  get  a 
standard  which  would  match  the  colour  produced  by  the  unknown 
phenol  in  the  distillate;  and  to  find  the  conditions  which  would 
give  a  development  of  colour,  the  depth  of  which  would  be  propor¬ 
tional  to  the  amount  of  phenol  present.  Several  simple  phenols 
were  tried  as  standards  without  success.  Recourse  was  then  had 
to  the  indicators  used  by  Hanke  and  Koessler  (19).  A  standard 
containing  E.45  cc.  of  their  phenol  red  solution  and  0.06  cc.  of 
methyl  orange  solution,  made  up  to  100  cc.,  was  finally  adopted. 
The  time  required  to  develop  a  maximum  colour  which  is  propor¬ 
tional  to  the  concentrstion  of  phenol  present  has  been  found  by 
these  workers  to  very  with  different  phenols.  In  many  cases  the 
colours  were  found  to  develop  and  fade  quickly,  leaving  only  a 
short  time  in  which  accurate  determinations  could  be  made.  After 
numerous  attempts  to  solve  this  problem  tor  the  unknown  phenols 
present  in  the  distillate,  the  reagent  had  to  be  discarded  as 
impracticable. 


-  18  - 


The  reagent  of  Ij'olin  and  Denis  (11)  gave  promise  of 
better  results  since  it  gives  the  same  colour  with  all  phenols, 
and  since  the  colour  does  not  fade  quickly  and  can  be  developed 
under  standard  conditions  for  all  phenols.  After  reviewing  the 
literature  on  the  use  of  this  reagent  and  experimenting  with 
several  methods,  the  technique  of  Hakestraw  (31)  was  adopted. 

The  reagent  was  made  up  according  to  the  improved  method  due  to 
'!hi  (52).  A  fresh  portion  of  the  reagent  was  diluted  with  three 
parts  of  water  before  using,  and  u.5  cc.  of  this  solution  were 
found  to  be  sufficient  for  the  development  of  maximum  colour  in 
10  cc.  of  the  unknown  solution.  After  adding  the  reagent  to  10 
cc.  of  the  solution  in  a  test  tube  and  mixing,  2  cc.  of  20>b 
sodium  carbonate  solution  were  added.  The  solution  was  then 
allowed  to  stand  until  the  excess  reagent  had  been  destroyed  by 
the  carbonate.  Hakestraw  found  i  min.  sufficient,  but  Chapin  (5) 
found  that  20  mins,  were  required  and  he  adopted  a  standard  time 
of  30  mins.  Under  our  conditions  Chapin* s  technique  was  found 
to  be  necessary,  -t^fter  allowing  the  mixture  to  stand  30  mins., 

1  cco  of  5%  sodium  cyanide  solution  was  added  and  the  test  tube 
was  stood  in  a  boiling  water  bath  for  1^  mins.,  when  it  was  tran¬ 
sferred  to  running  water  for  3  mins.  The  colour  developed  was 
found  to  remain  constant  for  at  least  two  hours  but  colorimetric 
readings  were  generally  made  immediately.  Comparisons  were  made 
in  a  Leitz-Buerker  colorimeter  with  a  standard  solution  of  re¬ 
sorcinol  treated  by  the  same  method.  Hesorcinol  was  adopted  as 
a  standard  by  -Benedict  and  Theis  (4)  since  it  can  be  weighed 
out  directly.  If  phenol  is  used  as  a  standard  it  must  be  re^ 
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standardised  lodometrically  after  it  has  been  made  up* 

The  quantitative  accuracy  of  the  method  was  tested 
by  running  determinations  on  various  concentrations  of  the 
concentrated  distillate  and  also  on  various  concentrations 
of  resorcinol*  The  results  expressed  in  both  cases  as  resor¬ 
cinol,  equivalent  in  mg.  per  litre,  ere  reported  in  Table  1. 

They  shoiw  a  satisfactory  accuracy  for  the  present  investigation* 


TABLE  1*  -  ACCUIUCY  OP  DETERMINATION  WITH  THE 


REAGENT  OP 

POIIK  AND  DKIIIS. 

Distillate 

Resorcinol 

Determined 

Calculated 

Determined 

Calculated 

3*9 

3*8 

6*9 

7*0 

3.5 

3*4 

5o4 

5*3 

3*0 

Standard* 

4*1 

4*2 

2.9 

2.7 

3.5 

Standard* 

2.3 

2*3 

3.3 

3*2 

1.9 

1*9 

2.9 

2.8 

1*6 

1*5 

2.2 

2.1 

1*8 

1*8 

An 

accurate  method 

being  now  available 

a  quantita- 

tive  comparison  of  the  amount  of  phenol  in  successive  portions 
of  the  distillate  was  made*  For  this  purpose  350  cc*  of  the 
press-juice  of  Ehapli  wheat  plants  was  steam-distilled  and  the 
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distillate  collected  in  lUU  cc«  portions.  The  date  are  re¬ 
ported  in  Table  II#  These  results  show  that  it  would  be 
impracticable  to  attempt  quantitative  comparisons  by  this 
method  since  there  is  no  indication  of  an  end-point  at  which 
the  distillation  might  reasonably  be  stopped. 

TABLE  II.  -  AMOUNT  OP  PHENOL  IN  SUCCESSIVE  100  oc. 

PORTIONS  OP  THE  STEAM  DISTILLATE. 


Portion  Resorcinol  Portion  Resorcinol  Portion  Resorcinol 

number  equiv.  number  equiv.  number  equiv. 


1 

2 

3 

4 

5 

6 
7 


6.1 

9 

2.4 

17 

1.8 

3.1 

10 

1.9 

18 

1.7 

3.0 

11 

2.1 

19 

1.9 

2.7 

12 

2.2 

20 

1.7 

2.3 

13 

2.7 

21 

1.7 

2.2 

14 

1.7 

25 

2.0 

2.3 

15 

1.7 

30 

1.8 

2.6 

16 

1.9 
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Attempt  to  Determine  Total  Phenols 

by  Bther  Extraction* 

As  has  been  previously  pointed  out,  the  problem  of 
determining  phenols  colorimetrioally  is  mainly  that  of  getting 
rid  of  interfering  substances*  Phenols  oen  be  extracted  from 
an  acidified  solution  by  ether  end  extracted  from  ether  by 
alkaline  solutions*  These  properties  have  been  made  use  of  by 
various  TJorkers  (20,  43)  for  the  separation  of  phenols*  An 
attempt  was  therefore  made  to  use  this  method  for  the  extract- 
ion  of  phenols  from  the  press-juice  of  wheat* 

Preliminary  experiment* 

A  25-cc*  portion  of  press- juice  from  Khapli  was 
shaken  out  with  50  cc*  of  ether*  Three  layers  were  formed  on 
centrifuging;  at  the  bottom,  a  yellow  aqueous  layer,  above  this 
a  dense  emulsion  of  the  protein  material,  light  green  in  colour, 
and  on  top  a  redish  green  ether  layer*  The  top  layer  was  drawn 
off*  The  procedure  was  repeated  and  the  ether  extracts  were 
combined*  They  were  then  extracted  with  26  cc*  of  10^  sodium 
hydroxide  solution*  This  extract  was  bright  yellow,  it  was 
neutralised  with  hydrochloric  acid  and  turned  a  pale  brownish 
yellow*  It  then  gave  a  deep  blue  with  the  Folin-Denis  reagent* 
The  ether  was  extracted  a  second  time  with  sodium  hydroxide 
solution  giving  a  greenish  yellow  extract,  which  turned  pale 
green  on  neutralising  and  also  gave  a  blue  with  the  reagent* 

The  green  colour  of  the  solution  interfered  with  colorimetric 
comparisons* 
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This  experiment  showed  that  it  would  be  necessary 
to  get  rid  of  the  chlorophyll  and  proteins  in  order  to  make 
satisfactory  extractions  and  colorimetric  determinations* 

This  was  effected  by  precipitation  with  the  tungstic  acid 
reagents  of  Polin  and  Tfu  (13)  which  have  been  widely  used  for 
clearing  blood  on  which  determinations  of  phenols  were  to  be 
made*  The  investigation  of  this  phase  of  the  method  is  re« 
ported  in  a  later  section* 

Development  of  quantitative  method* 

The  following  method  was  outlined  for  the  determine* 
ation  of  phenols  in  the  press-juice*  Add  to  25  cc*  of  press- 
juice,  5  cc*  of  105?  sodium  tungstic  and  6  cc*  of  2/3  N.  sul¬ 
furic  acid,  shake,  centrifuge  end  decant  through  a  filter. 

Take  a  10-cc.  aliquot  of  the  filtrate  and  extract  a  sufficient 
number  of  times  with  20  cc*  of  ether  to  ensure  quantitative 
removal  of  the  phenols*  Combine  the  ether  extracts  and  extract 
with  one-tenth  the  volume  of  lUJi?  sodium  hydroxide,  a  sufficient 
number  of  times  to  ensure  quantitative  removal.  Neutralise  the 
sodium  hydroxide  extracts  with  hydrochloric  acid,  make  up  to 
volume,  and  determine  phenols  by  the  Polin-Denis  reagent* 

In  order  to  make  successive  extractions  of  the  10-cc* 
portion  of  filtrate  an  apparatus  similar  to  that  of  Hanke  and 
Koessler  (20)  was  used*  A  special  extraction  tube  having  a 
ground  glass  stopper  and  a  lO-cc*  bulb  attached  to  the  bottom 
by  a  fairly  long  neck  was  devised*  (Plate  1).  After  each  ex¬ 
traction  sufficient  water  is  added  to  bring  the  separation 
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surface  between  the  aqueous  solution  and  the  ether  into  the 
neck*  This  allows  of  a  more  accurate  separation  than  could 
be  made  if  the  surface  were  larger.  The  ether  is  drawn  off 
into  a  separatory  finnel  by  means  of  suction. 

Hanke  and  Koessler  (20),  working  with  solutions  of 
pure  phenols,  found  that  ten  extractions  with  twice  the  vol¬ 
ume  of  ether  were  required  to  effect  quantitative  removal. 
This  point  was  investigated  for  our  conditions.  Eleven  suc¬ 
cessive  extractions  of  10  cc.  of  filtrate  with  20  cc.  of 
ether  were  made.  Each  ether  extract  was  extracted  with  2.6 
00.  of  10^  sodium  hydroxide.  These  alkaline  extraots  de¬ 
creased  in  depth  of  colour  from  bright  yellow  to  almost  col¬ 
orless.  Each  was  neutralised  with  dilute  hydrochloric  acid 
and  made  up  to  a  volume  of  25  cc.  and  its  phenol  content  de¬ 
termined. 

Two  such  series  of  determinations  were  made  on  the 
press- juice  from  Khapli  plants;  the  data  are  reported  in 
Table  III.  Since  the  amount  of  phenol  decreases  steadily  with 
each  extraction,  and  since  the  amount  in  the  lltlw  extract 
was  less  than  0.55?  of  that  in  the  first  ten  extracts,  ten 
extractions  with  twice  the  volume  of  ether  were  adopted  as 
a  standard  number. 


•'O  c- 


€=:\:r  xod&B  oiiu  ikssi  exi?"  aes’^rtsd' 

hifjoo  nQdxf  e^B’srooiB  o'xoiit  a  ‘^:o  btoIIb 

Iao  cwb’xL  31-  'larixe  erf?  eosX^xra  ex#-  '"I  eX.sxii  ed 

•  ‘  ,iioi'?ei^s  1:o  Hit^oxi'!  v^d  X:f)rxftx.?-  ^^'xo^taxsc'ea  o^Jtj: 

Xo  anoX^rloo  drfx?/  •:■  nxXxo^v  ,  f')3’|  xel-^aeo't  .exre  ‘s^risB 
-lo/  or#  e:)xwt  sfrol-^oexo^ro  ireX  fxrun^'  *  elonstfo'  ear/x 

» lavoinsrc  o^lit.Gif'XoiLRxrp  Ou  ^etxr/co'S  erex  xer'xe  ro  exir; 

«sjja  nevoXa  ^aaoiJ  ibnoo  xiro  xo?  oe^s'gxXoevai:  tir  roq  ax'iT 

Xo  *00  0^  ddxvr  oXbxXXIX  Xc  \ 01  Xo  (sotoi:o 0bxXx6  oviaBeo 
rCXiw  bfydoB%^rx&  sew  xiaeO  ^oXsin  oxe^  xorCd-e 

-3b  eXojsxXxe  eiiXlBxlB  oaorf?  , odxxoiXv^-  crri-iboa  lo  *oo 
...rloo  Xsciuts  o'T  mlXe^  Ms-txa  mot'l  inoloo  Xo  xa  ro;j„.^-;xc 

BXoo  oXxoIdoo’iX'^il  eX;j-Ii;o  Xa^iXXa'x  tA/en:  do^H  .  aacXmo 

-oB  Xrx9x:xxoo  Xoaexiq  ai^t  ha...:  da  :to  eau-IoT  s  oX  ^:jxr  9X.oar  hriB 

-.  .  .  *  Qoiiixrxed’ 

oxfT  0.0  Bb^rn  eiev:  aixoX Xa-xxi-'xoXei)  fto  SBiXBB  doim  o?rT' 

iTi  Boj-xcqei  otB-  erCcf  ;s#iXBXq  IXciBnii  mctl  eoXxrt -aae  iq 

.dvl^/  •^.X.i.dBoXa  aoa.eexooB  Xoxxe/lq  xo  XiiXsOfrtB  Bdf  BoatB  oXqb? 

‘jo^.xjxo  yidX£  Bi(&  ul  trwom  edf  soxiie  hm  ,  rro.i&Gax7i:B  sioso 
aB'-  ,B:>o3r&xo  LiSd  XaxXX  oi#  x.t  ‘io  'vOsO  ocarfd”  aael  8x3^7 

80  Xejrrof'O  oxbw  X9r#e  Bo  crn^XoT  a.^’X  eoXwct  irXXw  sxtoiXoBXitxo 


24  •* 


TABLE  III.  -  EFFICIENCY  OF  ETHER  EXTRACTION. 


Variety  Khapli. 


Extraction  number 

Phenols  as  resorcinol  in  mgs- 

1 

1.500 

1.250 

2 

0o408 

0.350 

3 

0.145 

0.108 

4 

0.070 

0.055 

5 

0.043 

0.030 

6 

0.040 

0.023 

7 

0.030 

0.015 

8 

0.020 

0.013 

9 

0.013 

0.010 

10 

0.015 

0.008 

11 

0.010 

0.008 

Total 

2.294 

1.870 

2nd  5  extrns. 

as 

%  of  1st  5. 

5.4% 

3.9% 

11th  extrn.  as 

10 

of  1st  10. 

0.44% 

0.43% 

The  difference  between  the  amount  of  phenol  found 
in  each  determination  may  be  accounted  for  by  several  fectorso 
The  plants  used  in  the  second  series  were  ten  days  older  than 
those  used  in  the  first.  The  total  solid  content  of  the  juice 
used  in  the  first  determination  was  7.5%  whereas  that  of  the 
juice  used  in  the  second  was  7.2%.  Different  precipitation 
techniques  were  also  used.  In  the  first  series  the  juice  was 


ilOc: 


o'%i  ou;._: 

'■  .,  '  ec:.o 

.  3-1,0 

o-oj.o 

.  .0  0^0.0 


r.'.3  vj-%  '^.0 

o  ■-'  0  ^ 

'“',1 


•J  r- 


,"A 


>  • 


V  ,;r; 


U 


(J 


\u::^  0  0 


-'^rf 


0 


-  BX.r 


sJOSSJ  0 


ItO 


•r 

.  J 


-  25 


brought  to  the  boil  for  three  minutes  after  adding  the  reagent; 
no  heat  v?as  used  in  precipitating  for  the  second  series. 

The  number  of  extractions  required  to  remove  the 
phenol  from  the  ether  was  also  investigated.  The  combined 
ether  extracts,  having  a  volume  of  200  cc.,  were  extracted 
three  times  with  10  cc.  of  10%  sodium  hydroxide  and  these  ex¬ 
tracts  were  combined  (extract  1.).  The  ether  was  then  extract¬ 
ed  twice  more  with  b  cc.  of  sodium  hydroxide  solution,  these 
were  also  combined  (extract  2).  It  was  found  that  after  neu¬ 
tralising,  these  solutions  would  have  to  be  diluted  to  10  times 
their  volume  in  order  to  prevent  the  salt  concentration  from 
interfering  with  the  colorimetric  determination.  In  only  one 
out  of  three  determinations  did  sufficient  colour  develop  in 
extract  2  for  quantitative  comparison.  In  this  case  the  amount 
of  phenol  in  extract  2  was  0.22%  of  that  in  extract  1.  Three 
extractions  with  10  cc.  of  10%  sodium  hydroxide  were  therefore 
adopted  as  a  standard  number. 

A  recapitulation  of  the  method  follows.  A  25-oc. 
portion  of  press-juice  was  pipetted  into  a  lOO-cc.  centrifuge 
tube,  5  cc.  of  10%  sodium  tungstate  solution  were  added  follow¬ 
ed  by  6  cc.  of  2/3  IT.  sulfuric  acid.  The  solution  was  shaken, 
centrifuged  and  decanted  through  a  filter.  A  10-cc.  aliquot 
of  the  filtrate  was  pipetted  into  the  extraction  tube  and  ex¬ 
tracted  10  times  with  20-cc.  portions  of  ether.  The  ether 
extracts  were  drawn  off  into  a  separatory  runnel.  The  ether 
was  then  extracted  3  times  with  10  cc.  of  10%  sodium  hydroxide 
solution.  The  sodium  hydroxide  solutions  were  combined  and 
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made  just  acid  to  litmus  paper  by  titrating  with  dilute  hy¬ 
drochloric  acid*  The  solution  was  then  made  up  to  a  volume 
of  300  cc*  in  a  volumetric  flask*  An  aliquot  of  this  solution 
was  used  for  colorimetric  determination  of  phenols  with  the 
reagent  of  Polin  and  Denis* 

Volatile  and  non-volatile  phenols  were  determined  on 
the  final  solution*  A  200-cc*  portion  was  measured  out  and 
washed  into  a  600-cc*  distillation  flask  with  60  cc*  of  distil¬ 
led  water*  ViTien  100  cc.  of  distillate  had  collected  60  cc*  of 
water  were  added  throuprh  a  separatory  ^unnel  set  in  the  stopper 
of  the  flask.  A  further  60  cc.  was  distilled  off,  ’60  cc.  of 
water  added  and  a  fourth  60-cc.  portion  distilled.  The  solution 
remaining  in  the  distillation  flask  was  washed  back  into  a  260- 
cc*  volumetric  flask  and  made  up  to  volume*  The  concentration 
of  phenol  in  the  distillate  was  too  low  for  determination*  The 
phenol  in  the  remainder  was  determined  and  the  volatile  phenols 
were  obtained  by  difference  . 

The  method  outlined  above  was  then  used  in  making  de¬ 
terminations  of  phenols  in  the  series  of  eight  wheat  varieties 
of  graded  resistance  to  rust*  The  plants  were  grown  in  the 
greenhouse  and  determinations  were  made  on  sixteen-day-old 
tissue*  The  results  are  reported  in  Table  IV. 


o 


orr  .cj:  c  I'T  .;cj  ’:::3;.3g  •j;;:aT.t.i;  i,  ;')lo;;; 

io^r.  ;;  on-z^.  ■::  .31^'  ;:o  i-Jirloa  o;-:'..  .  "i:  ■■£  .  :  ? 

,  ,■  ^  to  oo;:;"  i.^o  x-  x'-xto  c  i •icro*?ii' \ ot  ^5  ;oi;  to 

t.  t."  a  "  tiV  ,  0  iiC.I:ton.tu’X-?tOj;  oi  xtoxi;  .:'oX  oo  xo..:  o-n.;;  c,  i;; 

*3itov.:.  Luo  o.xCo  .  ‘t:-  jViO';  rxx 

-■■;  -j'O';' ;;  oxex  sloaed'’^'  '  L I 'J '< £CT-zq:i  -xC^yi'Icv 

'  r:o  't'-ooooe-o  Q-\--:  »oc-j''--  /-  ^  00  '  .  "o  3  XOtX"'  rr^;- 

x;.o  Oo  rfth;:  ’^x;.i:  xo  r'^: It J::]-? , -—OOd  o  olr:!  noIooT 
■' ■  ■  "  ■:'■  0 0  II o T:  bs ;I  3 0.6 1 f  i' "■  c  I P:  : o  ,  .'01  r "  ,  x “  o -v  la .1 

xrlo  :xx  t93  Ior:x'''‘  3 3  "  v'OX'-'I  lel  '-x  e'X  '  -rr'. 

Co'  .too  OO'rXIj'lO;  :  Oc;  X9C  i-Xl'-  ..  oCi  'X 

xll  ,3olIIj.vi:C  noMxo^..  ^3  .-'ix  .•:Ix'--'..c  >  In-  lolOx  xooo.- 

0  .C3X  Co.oo  D0.C80:;  30T^  Caoll  :iQ  £  lb  r.I./  :.:i  ■  3  ixi.or;.' 'i 

.  ^;C'  0.IC  X9;-:r/.roY  o[:j  'L. oJ.C  0 1  :;;o:.utioY  ,co 

o^c. ..3  l3 1  xoi  Yol  'ool  3.eY  oo^il .Ifa Ib‘ oOI  .ui:  Ioxsoly  Co 
sli  ;■•  c, oc  gIo  Ixx  5g Yixxoieo  asv>  xeliii  -ooe;  erli  a.: 

.  GotGXDl';.  I  3  Y.;  o£0.:3jaG  gigy 

•.  ^3  -  ■:  0^  XGIO  S.6VV  STOCi.G'  .3G£i  i.Oiiro  0O3'v3.r:i  gyI 

0  iOCvY  jI.Io  ,:o  ygIxgs  giIO  aXornriq  tq  aiio  P  ToxIyxoi 
^  ^..30  3.  :  GxoY  olxioi'.;  gc';.>  .  ooiox  00  octoIaltBi  oc 

-■  V..- In  :[G  Goox  oxg;;  8ao.>:03:';i,:nxoo oC  Goxoiiii^^oo^ 

ICI  3.;.unC  .rl  Gottooex  GIG  njl'rnoi  oiVS 


27 


TABLE  IV. - 

PHEHOL  CONTENT 

OP  BHESS-JUICE 

OP  '.VHEATS. 

Variety 

Phenol  as 

resorcinol:  mgs. 

per  100  g.  juice. 

Total 

Non-volatile 

Volatile 

Khapli 

15.6 

12.4 

2.2 

Vernal  emmer 

9.1 

7.8 

1.2 

Kanred 

5.9 

4.2 

1.6 

Kota 

10.7 

7.7 

2.0 

Kub  anka 

16.0 

11.0 

5.0 

Mindum 

11.8 

00 

• 

4.0 

Marquis 

5.9 

5.0 

0.9 

Little  Club 

5.5 

. 

to 

1.9 

Varieties  in  order  of  resistance  to  rrtst* 


One  series  of  determinations  is  insufficient  to 
establish  definite  differences  between  varieties.  However 
since  Khapli  contained  considerably  more  phenols  than  any 
other  variety  except  Hubanha,  and  since  Little  Club  and  Mar*» 
quis  contained  the  least,  the  results  of  this  series  indicated 
that  the  hypothesis  that  resistant  varieties  contained  more 
phenols  than  susceptible  varieties,  might  be  substantiated  if 
a  sufficient  number  of  determinations  were  made. 

The  results  of  this  series  of  determinations  did  not 
confirm  those  of  the  previous  investigation  of  the  efficiency 
of  the  ether  extraction.  Vhereas  the  earlier  investigation 
showed  that  an  eleventh  extract  contained  less  than  0#5^  of 
the  amount  of  phenol  in  the  first  ten  extractions,  throughout 
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the  lest  series  of  determinations  the  eleventh  extract  contain¬ 
ed  from  1  to  £%•  An  increase  in  the  number  of  extractions  did 
not  seem  advisable  since  the  method  was  already  cumbersome 
owing  to  the  large  number  of  manipulations.  An  attempt  was 
therefore  made  to  obtain  quantitative  extraction  by  the  use  of 
a  continuous  extraction  apparatus  similar  to  that  of  Palhin, 
Murray  and  Watkins,  (27)<, 

The  apparatus  is  shown  in  Plate  1.  A  lO-cc.  portion 

of  the  solution  to  be  extracted  is  placed  in  the  tube  T  and  75 

cc.  of  ether  is  boiled  in  the  flask  P.  The  other  vapour  passes 

up  the  side-neck,  condenses  and  drips  down  into  the  funnel  A 
✓ 

which  reaches  to  the  bottom  of  the  tube.  By  bubbling  up  through 
the  solution  the  ether  extracts  the  phenols  and  passes  back  into 
the  boiling  flask  by  means  of  the  side-neck. 

The  use  of  this  apparatus  brought  out  some  faults  of 
the  method  which  had  not  previously  been  recognised.  Some 
water  was  carried  over  into  the  boiling  flask  in  solution  in 
the  ether.  After  £4  hrs.  extraction  about  2  cc.  of  water 
separated  out  in  the  flask.  It  was  bright  yellow  in  colour 
whereas  the  ether  was  very  pale  yellow.  This  suggested  that 
the  substance  responsible  for  the  yellow  colour  was  not  suffic¬ 
iently  soluble  in  ether  to  be  quantitatively  extracted,  but  was 
in  reality  being  carried  over  in  the  water  dissolved  in  the 
ether. 

The  filtrate  on  which  extractions  were  being  made 
had  a  pH  of  2.5.  It  seemed  possible  that  the  compound  might 
be  less  soluble  in,  and  more  easily  extracted  from,  a  solution 


Plate  I 


Extraction  apparatus 
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which  was  almost  neutral*  This  point  was  investigated  by  running 
concurrent  extractions  on  two  samples  of  filtrate  from  Khapli 
press-juice,  the  second  of  which  was  titrated  back  with  sodium 
hydroxide  to  a  pH  of  6.2  using  the  potentiometer  to  obtain  an 
endpoint  in  order  not  to  add  a  coloured  indicator.  The  appara¬ 
tus  was  run  24  hrs.,  the  boiling  flasks  were  changed  and  again 
run  24  hrs.,  the  flasks  were  again  changed  and  a  final  run  of 
4b  hrs.  was  made.  During  this  time  water  had  to  be  added  to 
the  solutions  in  order  to  make  up  for  that  carried  over  in  the 
ether.  The  results  are  reported  in  Table  V  . 

TABLE  V  .  -  EFFECT  OF  ACIDITY  OF  FILTRATE 
ON  RATE  OP  EXTRACTION. 


Extraction. 

Phenol  as  mgs. 

resorcinol. 

pH  2.3 

pH  6.2 

First  24  hrs. 

0.90 

0.53 

Second  24  hrs. 

0.21 

0.09 

Second  48  hrs. 

0.14 

They  show  that  extraction  was  more  efficient  with  the  more 
acid  solution.  The  fact  that  the  second  48  hrs.  extraction 
contained  22.5^  of  the  amount  extracted  in  the  first  48  hrs^ 
is  also  worth  noting  since  it  shows  the  inefficiency  of  the 
extraction. 

The  relative  amount  of  the  yellow  compound  carried 
over  in  the  ether  per  se,  and  in  the  water  in  solution  in  the 
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ether,  was  investigated  in  the  following  manner.  A  25-oc 
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oontinuous-extrac tion  apparatus  was  run  for  48  hrs.  without 
adding  any  water.  The  water  which  collected  in  the  boiling 
flask  was  drawn  off  in  a  separatory  funnel  end  its  phenol 
content  determined.  The  ether  was  divided  into  two  equal 
portions.  One  portion  was  dried  with  anhydrous  sodium  sul¬ 
fate,  filtered  and  the  sodium  sulfate  rinsed  with  anhydrous 
ether.  Each  portion  of  ether  was  then  extracted  with  sodium 
hydroxide  and  its  phenol  content  was  determined  in  the  usual 
manner.  The  results  of  two  determinations  are  reported  in 
Table  VI  . 


TABLE  VI  .  -  BISTBIBUTIOII  OE  PHENOL  BETWEEN 

ETHEH  AND  VATEH. 


Fraction 

Phenol  as  mgs. 

resorcinol. 

Wet  ether 

0.560 

0.380 

Dried  ether 

0.490 

0.316 

Water 

0.215 

0.236 

Total  in  dry  ether  by  calc. 

0.960 

0.632 

Total  in  water  by  calc. 

0.355 

0.364 

These  results  seemed  to  confirm  our  surmise  that  the  substance 
responsible  for  the  yellow  colour  was  not  sufficiently  soluble 
in  ether  to  make  quantitative  extraction  possible. 

Proof  that  the  substance  responsible  for  the  yellow 
colour  was  almost  insoluble  in  anhydrous  ether  was  obtained  in 
the  following  manner.  A  preliminary  evaporation  of  a  portion 
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of  filtrate  in  an  oven  at  6U®G.  produced  a  very  dark  brown 
waxy  residue.  The  darkening  was  diagnosed  as  being  due  to 
the  increase  in  acidity  on  concentration  by  evaporation. 
Filtrate  to  be  evaporated  was  therefore  titrated  beck  almost 
to  neutrality.  The  end-point  was  determined  with  a  potentio¬ 
meter  in  order  not  to  add  any  coloured  indicator.  Since  the 
waxy  residue  did  not  lend  itself  to  efficient  extraction,  the 
following  method  was  used  in  order  to  get  a  powder.  The  fil¬ 
trate  was  absorbed  in  a  ball  of  glass  wool  and  evaporated.  As 
the  residue  remained  dispersed  through  the  wool,  the  whole 
could  be  ground  up  to  form  a  powder  suitable  for  extraction. 

A  portion  of  filtrate  treated  in t his  manner  was 
extracted  with  anhydrous  ether  in  a  Soxhlet  apparatus  for  4b 
hrs.  The  ether  was  colourless.  It  was  extracted  with  sodium 
hydroxide  end  gave  a  very  pale  yellow,  almost  colourless  sol¬ 
ution.  A  little  water  was  then  poured  through  the  thimble. 

The  aqueous  extract  was  yellow  and  turned  bright  yellow  on 
adding  sodium  hydroxide  solution.  The  substance  responsible 
for  the  yellow  colour  in  alkaline  solution  after  extraction 
of  the  filtrate  by  ether  was  thus  shown  to  be  almost  insoluble 
in  anhydrous  ether.  This  appeared  to  explain  the  failure  to 
obtadn  quantitative  extraction  with  ether. 

This  water-soluble  yellow  pigment  was  diagnosed  from 
its  colour  reactions  and  solubilities,  as  a  compound  closely 
related  to  the  anthoxanthins ,  or  an  anthoxanthin  glucoside. 

The  anthoxanthins  contain  phenolic  groups  and  proof  that  they 
react  with  the  Folin^Denis  phenol  reagent  was  obtained  by 
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testing  a  solution  of  pure  quercetin. 

Since  this  yellow  pigment  seemed  to  be  the  main 
phenol  present,  thus  mashing  rhe  presence  of  other  phenols, 
if  any,  and  since  it  could  not  be  extracted  quantitatively, 
the  method  of  ether  extraction  was  dropped  pending  qualitative 
investigation  of  the  water-soluble  yellow  colouring  matters 
present  in  the  wheat  plants. 

QUALITATIVS  ANAXYSIS. 

The  primary  object  of  this  analysis  was  the  separ¬ 
ation  of  the  water-soluble  yellow  colouring  matters,  thought 
to  be  ant hoxant bins,  which  had  interfered  with  the  quantitative 
determinations  of  phenols* 

The  literature  on  the  extraction,  identification,  and 
chemistry  of  the  anthoxanthin  pigments  of  plants  is  very  exten¬ 
sive*  The  investigations,  however,  have  been  confined  almost 
entirely  to  plants  and  pjant  extracts  which  have  been  used  for 
dyeing*  Perhin  and  his  co-workers  carried  out  much  of  the  work 
and  an  excellent  summary  is  availaole  (29). 

Anthoxanthins  have  oeen  shown  to  occur  in  two  members 
of  the  Gramineae ;  Sanao  (35)  has  isolated  quercetin  from  maize, 
and  Thomson  (4U),  an  unidentified  flavone  or  flavonol,  in  both 
free  and  glucoside  form,  from  Orchard  grass*  Turning  to  other 
families  of  crop  plants,  Sando  (36)  obtained  quercimetrin  from 
sunflowers,  and  a  number  of  anthoxanthins  and  related  compounds 
have  been  isolated  from  clover  flowers  (30,  33), 
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EXPERIMEIJTAI. 

Extraction  and  preolpltatlon^ 

Plants  of  each  of  the  eight  wheat  varietlos  of  the 
host  series  were  grown  in  the  field  until  they  wore  about  to 
shoot,  The  plants  were  cut  off  at  ground  level  and  4  hg,  of 
tissue  of  each  variety  was  dried  at  a  temperature  of  about 
35®C,  The  material  was  allowed  to  reach  equilibrium  at  room 
temperature,  weighed,  and  ground  to  pass  a  lOU-mesh  sieve. 

Of  the  different  methods  7;hich  have  been  used  for 
the  preliminary  isolation  of  anthoxanthin  pigments  from  plant 
tissue,  water  extraction  followed  by  lead  precipitation,  was 
chosen  as  the  most  suitable  for  our  conditions.  A  400-g. 
portion  of  the  powdered  tissue  of  each  variety  was  refluxed 
with  4  1,  of  water  for  £  hr#  The  mixture  was  strained  through 
a  cloth  and  the  aqueous  extract  was  treated  with  m/1*  lead 
acetate  solution#  In  order  to  effect  a  partial  purification, 
the  total  amount  of  acetate  solution  required  was  determined 
by  titrating  an  aliquot  of  the  extract,  and  one-third  of  this 
amount  was  then  added  to  the  extract.  A  dirty  greenish- 
yellow  precipitate  came  down.  It  was  allowed  to  settle,  the 
supernatant  liquid  was  decanted  off  and  the  precipitate  was 
sucked  dry  on  a  buchner  funnel.  It  was  found  impossible  to 
wash  it  owing  to  clogging  of  the  filter  paper.  The  combined 
filtrate  and  supernatant  liquid  was  then  treated  with  excess 
lead  acetate  solution.  A  yellow  precipitate  came  down  which 
was  separated  in  the  same  manner  as  the  above.  The  supernatant 
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solution  W8S  centrifuged  end  the  material  thrown  down  was 
combined  with  the  precipitate.  The  filtrate  was  then  boiled 
and  treated  with  excess  dilute  ammonium  hydroxide  when  a  fur-' 
ther  lead  precipitate  ceme  down.  This  was  also  separated  as 
above. 

It  was  hoped  that  if  sufficient  pigment  were  present 
comparisons  of  the  amounts  occuring  in  different  varieties 
might  be  made  on  the  basis  of  the  amount  of  pure  pigment  ex¬ 
tracted,  Preliminary  investigations  showed  that  this  would  be 
impossible*  However,  since  it  was  thought  that  the  majority 
of  compounds  precipitated  by  lead  acetate  would  be  phenolic, 
it  was  decided  that  the  lead  precipitates  should  be  dried  at 
low  temperature  and  weighed. 

The  drying  was  carried  out  in  a  small  oven,  with  for¬ 
ced  ventilation,  at  35®G,  for  four  days,  or  longer.  The  weights 
of  the  precipitates  are  reported  in  Table VII,  .There  appear  to 
be  no  great  differences  between  varieties  in  the  amounts  of 
substances  precipitated  as  lead  salts. 


^2*  t  ilfide 


TABLT5VII.-  ’.TEIGHTS  0^  I’^AB  PPKCIPITAT^S  PPOM 
^ATT^P  PXTPACTS  OP  ’.VHPAT  TIS'^UP. 


Variety 

g.  ppt.  per 

dry  tissue. 

On 

of 

addition 

Pb  acet* 

on 

of 

addition 
amm*  OH. 

Total 

Khapli 

£*76 

Oo50 

3c»26 

Vernal  emmer 

— 

1.01 

Kanred 

2*y2 

0*72 

3*64 

hota 

2*82 

0.7y 

3o61 

Kubanka 

2*40 

0*67 

3*07 

irindum 

2*66 

0*91 

3*47 

Marquis 

2*58 

0*47 

2*85 

Little  Club 

2*71 

0*97 

3*68 

Varieties  in 

order 

of  resistance 

to 

rust* 

Decomposition  of  lead  precipitate » 

The  first  lead  precipitate  and  that  thrown  down  by 
ammonium  hydroxide  have  not  yet  been  analysed.  The  second 
lead  precipitate  was  decomposed  by  suspending  it  in  boiling 
alcohol  and  passing  in  hydrogen  sulfide.  Since  it  was  treated 
in  several  portions,  each  of  which  was  subjected  to  a  slightly 
different  procedure,  a  detailed  description  would  be  unnecces- 
sarily  long*  In  general,  IbO  g.  of  the  precipitate  was  sus-^ 
•pended  in  1500  cc.  of  boiling  y5Jb  alcohol  and  hydrogen  sulfide 
was  passed  in  for  half  an  hour*  The  residue  was  retreated  in 
a  similar'  manner  from  four  to  six  times*  The  extracts  de¬ 
creased  in  colour  from  reddish-or gnge ,  through  orange,  to  pale 
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yellow.  The  extracts  were  combined  in  various  ways  end  con¬ 
centrated  by  distilling  off  the  alcohol  in  a  water  bath. 

Preparations. 

Preparation  A. 

The  first  two  or  three  alcoholic  solutions,  on  con¬ 
centration  to  about  1/20  of  their  volume,  and  after  standing 
in  the  refrigerator  for  several  days,  deposited  small  white 
crystals.  Most  of  these  formed  on  the  sides  and  bottom  of  the 
beaker.  About  0.2  g.  of  these  crystals  were  obtained  after  re- 
crystalising  once  from  95^  alcohol.  Two  compounds  were  found 
to  be  present.  These  were  partially  separated  by  fractional 
precipitation  from  95%  alcohol.  The  crystals  were  very  small. 
They  were  examined  under  the  microscope  and  appeared  to  be 
monoclinic  needles  and  tetragonal  bipyramids  or  prism  and 
pyramids.  Both  these  compounds  dissolved  readily  in  water,  the 
solution  being  neutral  to  litmus.  They  were  not  precipitated 
by  lead  acetate  nor  did  they  react  with  the  phenol  reagent  of 
Polin  and  Denis. 

Preparation  B. 

The  later  alcoholic  extracts,  on  concentration  to 
about  half  volume,  and  after  standing  in  the  refrigerator 
several  days,  deposited  long  yellow  needles  encrusted  with 
smaller  yellow  crystals.  On  purification  by  recrystallisation 
from  95%  alcohol,  two  compounds  were  found  to  be  present,  one 
of  these  has  been  purified  by  repeated  crystallisation  from 
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alcohol  end  comes  down  In  long,  very  pale  yellow,  transparent 
glistening  monoollnic  plates.  The  other  compound  has  not  yet 
boon  purified.  It  crystallises  in  small  yellow  tetragonal 
prism  and  pyramids.  Those  often  aggregate  into  long  chains 
and  feather  forms.  Both  these  compounds  were  insoluble  in 
neutral,  acid  and  alkaline  solutions.  They  were  readily  sol¬ 
uble  in,  and  recrystallisod  from,  alcohol,  acetone  end  acetic 
acid.  They  were  not  precipitated  from  alcoholic  solution  by 
lead  acetate. 

Preparation  C. 

The  alcoholic  solutions,  after  separation  of  prepar¬ 
ations  A  and  B,  were  combined  and  concentrated  to  a  volume  of 
about  150  cc.  A  reddish-brown  syrup  resulted.  This  was  poured 
into  1500  cc.  of  ether.  The  ether  was  decanted  from  an  insol¬ 
uble  dark-brown  viscous  syrup.  The  ether  was  a  cherry-red 
colour*  It  was  washed  three  times  with  1/3  its  volume  of  water; 
the  colour  of  the  washings  being  reddish-orange,  orange-yellow 
and  yellow,  respectively,  and  the  ether  changing  to  a  deep 
reddish-orange.  (For  treatment  of  the  aqueous  extract  see  under 
Preparation  J. )  The  ether  was  extracted  with  l/lO,  and  twice 
with  l/20  its  volume  of  sodium  hydroxide  solution.  The  ether 
was  then  a  very  pale  yellow  colour.  The  sodium  hydroxide  ex¬ 
tracts  were  respectively,  dark  reddish-brown,  reddish-brown, 
and  yellow.  On  neutralizing  these  extracts  with  dilute  hydro¬ 
chloric  acid  a  small  amotint  of  flocculent  precipitate  came  down. 
The  solution  became  only  slightly  lighter  in  colour.  The 
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precipitate  was  dissolved  in  30^  alcohol  and  cooled  in  the 
refrigerator*  A  mixture  of  bright-yellow  and  brownlsh^yellow 
precipitate  came  down*  The  semi-dry  residue  weighed  0.5  g. 

An  attempt  was  made  to  separate  the  components  of  the  mixture 
by  dissolving  the  precipitate  in  glacial  acetic  acid  and  treat¬ 
ing  with  concentrated  sulfuric  acid*  No  precipitate  resulted* 
The  acetic  acid  was  evaporated  off  at  35®C.,  and  the  residue 
was  dried  in  a  vacuum  oven  at  98®C.  A  dark  brown  residue, 
weighing  approximately  0*1  g.  resulted*  An  attempt  was  made 
to  acetylate  the  compounds  by  heating  in  a  test-tube  in  a  water- 
bath  for  2  hr.  with  an  equal  weight  of  anhydrous  sodium  acetate 
and  1  cc*  of  acetic  anhydride.  On  pouring  into  water  a  brown 
precipitate  came  down.  This  was  dissolved  in  30^  alcohol  and 
cooled  in  the  refrigerator.  A  mixture  of  brownish  yellow  and 
bright  yellow  precipitate  came  down.  The  acetylation  apparent¬ 
ly  failed.  The  properties  of  the  original  pigments,  however, 
had  been  lost,  since  the  precipitates  were  no  longer  soluble 
in  neutral  or  acid  solution,  nor  were  they  precipitated  from 
alcoholic  solution  by  lead  acetate* 

Preparation  D. 

The  neutralised  sodium  hydroxide  extract  of  the 
ether,  was  strongly  acidified  with  hydrochloric  acid  end  ex¬ 
tracted  three  times  with  twice  its  volume  of  ether.  The 
aqueous  solution  turned  from  dark  reddish-brown  to  yellow* 

The  ether  solution  was  orange-yellow*  It  was  concentrated 
to  small  volume  by  distillation  and  finally  evaporated  to 
dryness  at  36®C.  A  brown  toffee-like  residue  resulted*  This 
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was  treated  with  several  small  portions  of  chloroform*  ( ?or 
treatment  of  the  chloroform  extract  see  under  Preparation  G.) 

The  insoluble  residue  was  a  pale  buff-coloured  material  which 
was  easily  powdered*  This  was  dissolved  in  alcohol  and 
filtered  from  a  few  black  specks*  The  alcoholic  solution  was 
reddish-brown  with  a  slightly  green  fluorescence*  It  was 
evaporated  to  dryness  at  35^C*  The  components  of  this  powder 
were  partially  separated  by  dissolving  in  60  cc*  of  acetone 
and  pouring  into  260  co.  of  petrol  ether*  A  brownish-red 
syrup  separated  out  at  the  bottom  of  the  beaker.  On  standing 
it  solidified  into  a  yellow  mass,  contaminated  with  what  appear¬ 
ed  to  be  white  crystals*  This  residue  was  twice  retreated  with 
acetone  and  petrol  ether  in  a  similar  manner,  the  syrup  being 
drawn  off  instead  of  being  allowed  to  solidify*  (For  treatment 
of  the  acetone  end  petrol-ether  solution  see  under  preparation 
S*)  The  syrup  was  evaporated  to  dryness;  a  deep-orange  col¬ 
oured  residue  contaminated  with  a  lighter-yellow  substance  re¬ 
mained.  The  mixture  was  washed  with  a  little  water,  leaving  a 
curdy  chocolate-brown  residue.  This  was  warmed  with  a  little 
105?  alcohol*  The  chocolate-brown  colour  disappeared,  leaving 
a  few  milligrams  of  a  dark-brown  residue*  This  dissolved  in 
alcohol  giving  an  orange-red  solution*  We  have  so  far  been 
unable  to  get  anything  but  amorphous  precipitates  of  this  com¬ 
pound  from  mixtures  of  alcohol  and  water*  In  alcoholic  solution 
it  gives  a  pale  yellow  flocculent  precipitate  with  lead  acetate 
and  reacts  strongly  with  the  Folin-Denls  reagent* 
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Preparation  g. 

The  acetone  and  petrol-ether  solution,  from  the 
purification  of  preparation  D,  deposited  a  cream-coloured 
precipitate*  This  was  filtered  off  and  dissolved  in  water 
in  which  it  was  very  soluble*  fPor  treatment  of  the  filtrate 
see  under  preparation  F*)  On  evaporation  to  dryness,  there 
remained  a  mass  of  cream-coloured  crystals  covered  by  a  yellow 
cream-coloured  scale*  This  residue  weighed  approximately  0*4 
g«  We  have  so  far  boon  unable  to  find  any  solvent  from  which 
to  crystallise  this  compound*  In  aqueous  solution  it  turns 
blue  litmus  red,  gives  a  flocculent  white  precipitate  with 
lead  acetate,  and  a  very  faint  reaction  with  the  Polin-Denis 
reagent* 

Preparation  F* 

The  filtrate  of  acetone  and  petrol  ether,  after  pre¬ 
cipitation  of  preparation  E,  was  evaporated  to  dryness  leaving 
a  few  milligrams  of  impure  white  crystals*  These  were  dissolved 
in  ether  and  recrystallisod  by  evaporation*  The  crystals  wore 
very  small*  Examination  under  the  microscope  showed  two  com¬ 
pounds  to  be  present,  one  appearing  in  clusters  of  fine  colour¬ 
less  needles  and  the  other  in  tetragonal  pyramids  with  base* 

They  were  insoluble  in  neutral,  acid  and  alkaline  solution,  and 
were  not  precipitated  from  alcoholic  solution  by  lead  acetate* 

Preparation  G* 

The  orange-red  chloroform  solution,  from  the  purific¬ 
ation  of  preparation  D,  was  washed  twice  with  an  equal  volume  of 
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water.  The  aqueous  extracts  were  respectively  bright  and  pale 
yellow*  (For  treatment  of  these  extracts  see  under  preparation 
H*)  The  chloroform  was  evaporated  to  dryness  at  35®C,,  leaving 
approximately  3  cc*  of  a  reddish-brown  syrup.  This  was  dis¬ 
solved  with  difficulty  in  about  1500  cc.  of  water.  The  solution 
was  yellow  in  colour,  acid  to  litmus,  gave  no  precipitate  with 
lead  acetate,  but  reacted  strongly  with  the  Polin-Denis  reagent. 
No  crystals  of  this  compound  have  yet  been  obtained. 

Preparation  H. 

The  aqueous  extract  from  the  chloroform  was  evaporated 
to  dryness  at  35®C.  leaving  a  buff-coloured,  sticfey,  toffee-like 
residue.  This  was  dissolved  in  acetone  and  poured  into  petrol 
ether.  A  brown  syrup  separated;  it  was  evaporated  to  dryness 
leaving  a  waxy  residue,  which  was  pale  yellow  in  colour  with 
areas  of  a  darker  orange  yellow.  This  residue  dissolved  readily 
in  water.  The  solution  was  reddish-orange  in  colour,  acid  to 
litmus,  gave  a  pale  yellow  flucculent  precipitate  with  lead 
acetate,  and  reacted  strongly  with  the  Polin-Denis  reagent* 

Preparation  I. 

The  acetone  and  petrol-ether  solution,  from  the  puri¬ 
fication  of  preparation  H,  was  evaporated  to  dryness,  leaving 
a  few  milligrams  of  bright  yellow  crystals  covered  by  a  pale 
yellow  wax.  The  mixture  was  readily  dissolved  in  water  giving 
a  pale  yellow  solution  which  was  acid  to  litmus,  gave  a  creamy 
white  precipitate  with  lead  acetate  and  reacted  with  the  Polin- 
Denis  reagent. 
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Preparation 

Phe  'water  extract  of  the  ether  used  in  the  separation 
of  preparation  C,  was  evaporated  to  dryness  at  36^C*  leaving  a 
dark  shiny  brown  toffee-like  substance*  This  was  dissolved  in 
acetone  and  diluted  with  half  its  volume  of  petrol  ether*  A 
dark  syrup  separated  and  was  drawn  off*  The  syrup  was  diluted 
with  300  cc*  of  water*  A  small  amount  of  brcwn  precipitate 
came  a  own  and  was  filtered  off*  The  filtrate  was  red  in  colour* 
It  was  boiled  with  a  little  carbon  black  which  absorbed  a  little 
oil  floating  on  the  surface  of  the  solution*  The  filtrate  from 
the  carbon  black  was  treated  with  excess  lead  acetate  solution* 

A  pale  yellow  precipitate  came  down;  it  was  filtered  off  and 
washed  with  hot  water*  The  filtrate  was  boiled  and  treated  with 
excess  dilute  ammonium  hydroxide  when  a  further  lead  precipitate 
came  down*  The  lead  precipitates  were  combined,  mixed  into  a 
thin  paste  with  water  and  poured  into  400  cc.  of  boiling  dilute 
sulfuric  acid*  After  centrifuging,  the  orange-red  solution  was 
decanted  from  the  lead  sulfate*  The  solution  was  shaken  three 
times  with  an  equal  volume  of  ether*  The  ether  extracts  were 
coloured  orange- yellow,  yellow  and  paler-yellow;  the  solution 
remained  orange-red*  It  was  then  shaken  once  with  100  cc*,  and 
twice  with  50  cc*  of  amyl  alcohol*  This  took  most  of  the  pig¬ 
ment  out  of  the  solution,  leaving  it  yellow.  The  red  amyl  al¬ 
cohol  solution  was  evaporated  to  dryness  on  a  water  bath,  leav¬ 
ing  a  brown  tarry  residue.  This  was  dissolved  in  about  50  cc* 
of  alcohol  and  diluted  with  400  cc.  of  water.  The  solution 
changed  to  a  light-brown  opaque  colour.  On  centrifuging  a 
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ohooolate-brown  precipitate  was  thrown  down.  The  properties 
of  the  original  pigment,  however,  had  been  lost.  This  precip¬ 
itate  was  Insoluble  in  neutral  end  acid  solution  and  was  not 
precipitated  from  alcoholic  solution  by  lead  acetate.  It  did 
not  react  with  the  Folin-Denls  reagent  in  alcoholic  solution. 
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Outline  of  the  separation  of  preparatlon8« 
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DISCUSSION. 

The  complicated  procedures  by  which  most  of  the  pre*^ 
paretions  were  separated,  and  the  length  of  time  during  which 
the  work,  lasted,  make  it  unwise  to  assume  that  the  compounds 
isolated  occur  ms  such  in  the  plant.  However,  in  spite  of  this 
limitation,  the  analysis  has  provided  information  which  will  be 
of  considerable  help  in  outlining  further  work  of  both  a  quant¬ 
itative  and  qualitative  nature. 

At  least  ten  different  compounds  were  extracted  from 
the  lead  precipitate.  Seven  of  these  were  obtained  in  crystal¬ 
line  form,  but  owing  to  the  extremely  small  quantities  present, 
only  one  could  be  purified.  Tests  carried  out  on  the  crude 
preparations  showed  that  none  of  these  compounds  was  phenolic. 

Evidence  which  indicates  the  presence  of  three,  or 
possibly  four  different  pigments,  was  adduced.  All  of  these 
are  phenolic  compounds  and  it  would  appear  that  these  colour¬ 
ing  matters  are  the  main  phenolic  constituents  of  the  wheat 
plant,  possibly  excluding  tannins. 

The  main  pigment  is  that  which  was  present  in  prepar¬ 
ation  J,  and  probably  in  preparations  D  and  H,  and  also  as  an 
impurity  in  preparation  C.  This  pigment  is  quite  soluble  in 
neutral,  acid  and  alkaline  solutions.  When  concentrated  it 
gives  an  orange-red  colour,  and  when  dilute  and  orange-yellow 
to  yellow  colour.  It  is  not  easily  extracted  from  acid  solution 
by  ether,  but  is  readily  extracted  by  amyl  alcohol.  It  is  ex¬ 
tracted  from  ether  by  water  and  more  effectively  by  sodium 
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hydroxide.  It  ie  precipitated  from  aqueous  solution  by  lead 
acetate.  These  properties  show  that  it  is  phenolic  in  nature 
but  that  it  does  not  belong  to  the  anthoxanthins. 

Evidence  was  obtained  of  the  presence  of  a  small 
amount  of  an  anthoxanthin  pigment  in  preparation  C.  The  colour¬ 
ing  matter  of  preparation  J  ie  not  precipitated  by  lead  acetate 
and  this  suggests  the  possibility  of  its  being  a  decomposition 
product  of  some  other  compound.  Preparation  I  appears  to  con¬ 
tain  a  small  amount  of  another  yellow  colouring  matter  which  is 
distinguished  by  its  ready  solubility  in  water. 

In  considering  the  number  of  pigments  which  were  shown 
to  be  present,  it  must  be  remembered  that  none  was  isolated  in 
pure  form,  and  that  in  several  cases  the  pigment  was  partially 
destroyed  during  the  course  of  the  extraction.  The  conclusions 
drawn  have  therefore  been  based  largely  on  observations  made 
during  the  course  of  the  analysis. 
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INVESTIGATION  OP  THS  PRSCIPITATION  OF  PROTBIN3 

PROM  PRBSS<» JUICE  OF  WHEAT  BY  TUNGSTIC  ACID> 

INTRODUCTION 

In  the  preoipitation  of  nitrogenous  material  by 
the  tungstlo-acld  reagent  of  Polin  and  Wu  (13)  a  certain 
degree  of  acidity  Is  necessary*  In  the  precipitation  from 
blood  the  above  named  investigators  added  a  solution  of  10^ 
sodium  tungstate  and  an  equal  quantity  of  2/3  N#  sulfuric 
acid#  This  gave  a  slight  excess  of  acid  over  that  required 
to  neutralise  the  combined  alkalinity  of  the  sodium  tungstate 
and  the  blood  serum#  Rumsey  (34)  adapted  this  method  to  the 
precipitation  of  proteins  from  cereal  extracts#  The  original 
technique  was  not  satisfactory  owing  to  the  high  buffer  value 
of  the  phosphates  and  proteins  present^  which  prevented  a 
sufficient  increase  in  the  hydrogen-ion  concentration#  Placing 
this  on  a  pH  basis,  he  found  that  optimum  precipitation  of 
nitrogen  compounds  and  clarification  of  the  solution  were  ob¬ 
tained  at  a  pH  of  2  or  less,  which  he  obtained  by  adding  con¬ 
centrated  sulfuric  acid  to  the  end-point  of  thymol  blue#  Mer¬ 
rill  (25)  investiated  the  preoipitation  of  protein  from  diph¬ 
theria  antitoxin  serum  and  from  peptone  solutions#  With  the 
former,  the  zone  of  maximum  precipitation  occurred  at  pH  5#0 
with  a  slight  increase  at  pH  2#8#  With  the  latter,  the  pre¬ 
cipitation  Increased  considerably  as  the  pH  decreased  from  4#0 
to  1.0,  with  a  slight  reversal  of  precipitation  beyond  this  at 
the  acidity  of  10^  of  acid.  It  appears  therefore  that  the 
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optimum  conditions  of  acidity  for  maximum  precipitation  vary 
the  nltrogrenous  compound  present,  For  this  reason  an 
investigation  was  made  of  the  conditions  necessary  for  the 
maximum  precipitation  of  nitrogenous  compounds  from  the  press- 
juice  of  wheat. 


EXPERIMENTAL 

Preliminary  investigation. 

The  original  i’olin-Wu  technique,  of  adding  equal 
quantities  of  10%  sodium  tungstate  and  2/3  N.  sulfuric  acid, 
was  investigated  for  our  conditions, 

A  preliminary  experiment  in  which  the  amount  of  pre¬ 
cipitation  produced  by  various  amounts  of  the  reagent  was  judged 
by  eye,  showed  maximum  precipitation  with  5  cc,  of  each  reagent 
for  25  cc,  of  juice.  The  chlorophyll  was  carried  down  with  the 
protein  leaving  a  clear  yellow  acid  filtrate.  The  efficiency 
of  1his  precipitation  was  tested  out  quantitatively  by  Kjeldahl 
determinations  of  total  nitrogen  in  10  cc.  of  juice,  in  the 
filtrate  from  10  cc,  of  juice  after  precipitation  with  6  cc.  of 
reagents,  and  after  precipitation  with  10  cc.  of  reagents.  The 
data  reported  in  Table  VIII  show**  that  an  increase  in  the  amount 
of  reagents  from  5  cc,  to  10  cc,  resulted  in  an  increased  pre¬ 
cipitation  of  only  0,40^o,  Precipitation  with  5  cc,  of  reagents 
for  25  cc,  of  press- juice  was  therefore  adopted  as  a  standard 
method,  since  although  a  greater  amount  of  reagents  would  re¬ 
sult  in  more  efficient  precipitation  it  would  give  too  great  a 
dilution  for  efficient  extraction.  This  technique  was  used  in 
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TABLE  VIIL  -  EPPICIENCY  OR  PROTEIN  PRECIPITATION 


Treatment 

mgs.  Nitrogen 

Total  nitrogen  in  10  co.  press-juice. 

51.10 

Heat-coaguable  N*  "  n  n 

31.17 

Total  N*  in  filtrate  from  10  cc.  press- Juice 
after  pptn.  with  5  cc.  reagents. 

11.58 

Nitrogen  pptd.  by  b  cc.  reagents  (by  diff. ) 

Z9.bb 

Total  N.  in  filtrate  from  10  cc.  press- Juice 
after  pptn.  with  10  co.  reagents. 

11.36 

Nitrogen  pptd.  by  10  co*  reagents  (by  diff*) 

39.74 

Increase  in  precipitation 

0.40% 

precipitating  proteins  from  the  press-juice  on  which  determin¬ 
ations  of  phenols  were  to  he  made  by  the  ether  extraction 
method* 

Purther  investigations* 

Whilst  attempting  to  develop  a  method  for  the  auto¬ 
matic  extraction  of  the  press-juice  by  ether,  a  further  invest¬ 
igation  of  the  precipitation  reaction  was  undertaken,  in  order 
to  study  the  effect  of  hydrogen-ion  concentration,  end  to  dev¬ 
elop  a  technique  in  which  dilution  of  the  press- Juice  would  be 
reduced  to  a  minimum  by  adding  more  concentrated  solutions  of 
the  reagents* 

In  a  preliminary  experiment  various  amounts  of  sodium 
tungstate  solution  and  sulfuric  acid  were  added,  and  nitrogen 
was  determined  on  10-oc.  aliquots  of  the  filtrate.  Corrections 
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ivere  made  for  changes  In  volume  due  to  the  addition  of  various 
amounts  of  reagents*  The  results  are  reported  in  Table  ix* 


TABLE  IX.  •  -  PRECIPITATION  OF  PROTEIN  PROM  PRESS-JUICE 

OP  TOEAT. 


50  00*  of  press-Juloe* 


165?  sodium 
tungstate 

10^  HgSO^ 

pH 

filtrate 

Nitrogen  in  filtrate 
equlv*  to  10  cc*  Juice* 

cc* 

CC. 

pH 

mgs* 

0 

0*0 

5.b 

69*6 

0 

0.2 

6.0 

26*6 

0 

0.6 

6.6 

39*0 

U 

1*0 

4*4 

20.0 

0 

3.0 

2*3 

15.0 

0 

6.0 

1.4 

16*0 

U 

7*0 

1*1 

14.9 

1 

U*2 

6*6 

46*5 

1 

2*0 

3*6 

15*9 

1 

4*0 

1*7 

14*6 

4 

1*1 

6*2 

24*0 

4 

£•8 

3*0 

13*2 

4 

4*6 

1*8 

12*4 

4 

6*2 

1*4 

13*4 

10 

2*7 

4*6 

13*0 

10 

4*0 

3.0 

10.8 

10 

6*3 

2.0 

11.1 

10 

6*6 

1*6 

11*1 

16 

4*3 

4o0 

U.6 

16 

6*2 

2*9 

10*6 

16 

6*1 

2*2 

10.0 

The  results  show  that  with  acid  alone  the  maximum  precipitation 
probably  occurs  at  about  pH  3*0*  TTlth  a  given  amount  of  sodium 
tungstate  the  zone  of  maximum  precipitation  appears  to  be  about 
pH  2*0.  The  precipitation  increases  with  increasing  concentrate 


-r 


rj'lor  jii 


a 


^XT 


'x 


^3  fj  *£ 


-j-j-'ircr'fr 


^C:.TI9;i^ 


,xi; 


■  f  V 


ax 


8^ 


rco  .r-^-<-rj:  "'xooxrf  irrxxixiGiTi  x'’u-xa  xl-an:?-  txox-s  atlxxesi  ':d7 

an.X’o?.  "  vnijoirj  f‘ 

i'rroda  SCf  d:‘  8X.30CyXjg  -■•C  I  • 


r^-X-  ^  "X  ■*  Ra  axircr^o  ^IcfaRoxa 

‘.R^conTq-  r:,.rf3^ ’.^  giso'^  edS  S'X  ?8a3x/;t 


ja:Xrre;.aoo  -"’rxiaaf:  x  jaJ.  ix;t  i  ;  .-;  3ae?3-o:vi 


X- 


51  - 


ion  of  sodium  tungstate,  but  this  effeot  appears  to  be  due  to 
an  excess  of  reagent  in  the  later  series,  since  the  increase 
in  precipitation  is  not  proportional  to  the  amount  of  reagent 
added*  This  effeot  may  be  due  to  errors  introduced  by  calcu¬ 
lations  for  change  in  volume*  A  further  series  was  therefore 
run,  in  which  only  10  cc*  of  Juice  was  used,  all  of  it  being 
filtered  and  washed  with  hot  water*  Total  nitrogen  was  deter¬ 
mined  on  the  combined  filtrate  and  washings*  The  results  are 
reported  in  Table  '’X*  They  show  certain  irregularities,  but 
it  would  appear  that  3  cc*  of  sodium  tungstate  is  sufficient 
for  the  total  precipitation  of  the  proteins* 


TABLE  :X.  -  EEFECT  0?  DIEE5HENT  AMOUNTS  OF  SODIUM  TUNGSTATE 

ON  THE  PRECIPITATION  OF  PROTEINS. 

10  cc*  of  press-juice* 


16 jS  sodium 
tungstate 

XO-fo  HgSO^ 

pH 

filtrate 

Nitrogen  in 
filtrate* 

cc* 

CC* 

pH 

mgs* 

1 

0*92 

1*69 

11*5 

2 

1*06 

---- 

10*7 

3 

1*20 

— 

10*2 

4 

1.34 

10*6 

6 

1*48 

— 

10*1 

6 

1*62 

—  — 

10*8 

7 

1*76 

2*73 

10.6 

The  investigation  was  dropped  at  this  point,  since 
the  ether-extraction  method  for  phenols  was  discarded,  and  in 
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oonseqnence  the  tungetlo-aold  preoipltatlon  was  no  longer 
required.  However  It  Is  hoped  that  time  v/ill  be  found  in 
the  near  future  to  confirm  these  conclusions  by  further  and 
more  accurate  determinations* 
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SUMMAEY. 


!•  Evidence  has  been  adduced  that  phenolic  compounds 

may  be  associated  with  rust  resistance  in  wheat,  and  pre¬ 
liminary  studies  have  been  carried  out  on  methods  of  es¬ 
timating  volatile  and  non-volatile  phenolic  compounds  in 
wheat  plants# 

£•  A  tentative  method  has  been  developed  for  determin¬ 

ing  phenolic  compounds  of  the  press-juice  from  wheat- 
leaves,  by  ether  extraction  of  the  filtrate  after  precip¬ 
itation  of  the  proteins  and  chlorophyll  by  tungstic  acid# 
The  phenolic  compounds  are  then  extracted  from  the  ether 
by  sodium  hydroxide  solution  and  determined  in  the  neutral- 
Ifed  solution  by  the  reagent  of  Polin  and  Denis# 

3*  A  single  series  of  determinations  of  phenolic  com¬ 

pounds,  on  a  series  of  eight  wheat  varieties  of  graded 
resistance  to  rust,  by  the  above  method,  indicated  that 
resistant  varieties  contain  greater  amounts  of  phenolic 
compounds# 

4#  The  development  of  the  method  has  been  dropped  pend¬ 

ing  an  investigation  of  certain  yellow  colouring  matters 
of  phenolic  nature,  which  are  not  quantitatively  extracted 
from  acid  solution  by  ether,  end  which  thus  interfere  with 
the  determination# 

A  qualitative  analysis  has  been  made  on  3200  g#  of 
dry  wheat  tissue  in  order  to  Isolate  the  pigments  end  other 
phenolic  compounds  present#  These  compounds  occur  in  very 
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small  quantity  and  are  difficult  to  separate  in  pure  form. 

6.  It  is  believed  that  three  different  pigments  have 
been  shown  to  be  present.  None  of  these  has  been  obtained 
in  pure  form. 

7.  Seven  other  compounds  have  been  obtained  in  crysta¬ 
lline  form,  but  in  such  smell  quantities  that  only  one  has 
been  purified.  These  compounds  ere  not  phenolic. 

8.  An  analysis  of  a  much  larger  amount  of  wheat  tissue 

is  projected,  with  the  object  of  isolating  sufficient  quant¬ 
ities  of  the  pigments  in  pure  form,  for  the  determination 
of  their  properties  end  for  their  identification. 

9.  A  preliminary  investigation  of  the  precipitation  of 
proteins  from  the  press- juice  of  wheat  by  tungstic  acid  is 
reported. 


ACKNOWLOTGEMENT. 

The  writer  sincerely  thanks  Dr.  F.  Newton,  Professor 
of  Field  Crops  end  Plant  Biochemistry,  for  his  advice  and  en¬ 
couragement  during  the  progress  of  this  investigation. 


« .-rio'i:  ii.t  ot  ii.  oO  L  rj  ;.  r;^  j  ,U5->  ,-.i--  ..r:; 

erad  s^iiOin^iq;  ^ixe'iwxix^-  o'  -^■'"  ~S3rit  OBvotiec  ai 

i'reeJ  SBXi  'tio-  c-:.icK  ^  :■  r:\voriu 

•■  '  '  *.:Ar'io'i  ;a 

-“^ja'v'xo  rt.t  u^rtxx^tdo  :if>0!.:  ev;"!:  -aDOi/o-jr^O';  v-"'f:^o 
3Bri  G.rro  “CX^'to  xxX^r.l-jnxjTp  I-ts-as  ..ixx;  ^:i3lC 

.  _^.U0:iGliu  JOX  -^v.^  , ''^.X.  I  xx:;  a^ud 

esjaak^  taeriw  jO  3’uxosg  ’Se'BXBl  i:(x;Tx  a  'XG,  QJ:n%l3-^  ..•:.  ..i. 
itHBirp  tnaiox!; ij:/a  x.-x-^aXoai;  'x}  -<::d  dJJ:-  .GeGo-^L'-H  '•- 

no^u .eaxints^G 0  giw'  g tij-o  xi;  ^bgxg^.cx  '^xiu  .c  jgx7-l 

,.,:■  ^T'  •,  •  iyu  >ox  -xlG^iT  -xol  xxs-fj*  :o 

y;o  G.a^  *to  £- A 

d  olOG  OXXB^n.JXu  ad  ':0  GG  f  adp-  aoxi.  G  ;.  O'.Xf 

^  dG'^dO  'Td  T 


:i^x€-(-iMrar:sDA 


;oG--  O''  , ;  ^Hasiit  ^:^iJox3oa J.a  ::y d  t  io- gA;;- 

0  yito  eo.rG.G.o  oi;ri  oc'"  , ixieooo ’.o  duoi-  P/;o  oxoar- 

,  a -O  y in-GOTai  Gi;:.':'  Go  aoox-  oy  ^'  oX:;  -y  :  ‘  a;;'-  '"'  .r  o 


Gi;i:'  Go 


sae 


56 


REF  E  R  E  N  C  E  S, 


(1)  ALLEM,  R.A. 

1923.  A  cytological  study  ot  iniection  of  Baert 
and  Kanred  wheats  by  Puoclnla  gramlnls  trltlol. 

J.  Agz* .  Res.  23 •  131**151 . 

(2)  • 

1923.  Cytological  study  of  infection  of  Baart, 

Kanred  and  Mindum  wheats  by  Puccinia  praminis 
tritioi^  Forms  III  and  XIX.  J.  Agr.  Res.  26:571-604. 

(3)  __ 

1926.  Cytological  studies  of  forms  9,  21  and  27  of 
Puccinia  graminis  tritici  on  Khapli  emmer. 

J.  Agr.  Res.  32;701-72^. 

(4)  BENEDICT,  S.R.,  and  THEIS,  R.C. 

1918.  The  colorimetric  determination  of  phenols  in 

the  blood.  J.  Biol.  Chem.  36:95-103. 

(6)  CHAPIN,  R.M. 

1921.  The  determination  of  cresols  by  the  phenol 
reagent  of  Folin  and  Denis.  J.  Biol.  Chem.  47:309- 
314. 

(6)  CCLIJSON,  R.C. 

1926.  The  presence  of  certain  organic  compounds  in 
plants  and  their  relations  to  the  growth  of  other 
plants.  J.  Amer.  Soc.  Agron.  17:68-68. 

(7)  COCK,  M.T.  and  TAU3ENHAUS,  J.J. 

1911.  The  relation  of  parasitic  fungi  to  the  contents 
of  the  cells  of  the  host  plants.  I.  The  toxicity  of 
tannin.  Delaware  Agr.  Exp.  Sta.  Bui.  91. 


l9l2.  The  rolation  of  parasitic  fungi  to  the  contents 
of  the  cells  of  the  host  plants.  II.  The  toxicity  of 
vegetable  acids  and  the  oxidizing  enzyme.  Delaware 
Agr.  Exp.  Sta.  Bui*  97. 

and  WILSON,  C.W. 

1916.  The  influence  of  the  tannin  content  of  the 
host  plant  on  Endothia  parasitica  and  related  species. 
N.  J.  Agr.  Exp.'Sia.  ^ul.  29l. 

(10)  COOPER,  S.A.  and  MASON,  J. 

1927.  Studies  of  selective  bactericidal  action. 

J.  Hyg.  26:118-126. 


0 


■'  -1  ■  X 


if 


i. 


i  [r  x-’  ::.:T( 

>:■ 

i  5  -  f  -.•  =  ••  ••'  ^  a  ■  ~  ^  -  -  *’ - -  .  .  .  V.J. 

: c  o  ci^i'ein-C'jic.Coo  v/dx  «b.C^I 

/  ■  ■-  " 

\  •'  i 

j'or-  • ; 

er{v  ''n  ::,J' 

^  j.  C-  ■' 

-ro.'xo  ■' r:  -•; t:;;;‘r:3  ■  cx  ♦d''.'^L 

-  ,  ■'^c^3  3l:,Lc-^  X--  '^ulO-  i 

>  'K:  ■  3 

■■  ;■  p-  /-  rf'*-". 

•  ciiiPi’c- 
c  -  - ' 

31'  ^  ■■ 

/-ox:-:- 

..'0  :  :-:;as’io?o  - 

..?Ll7  ^  '  A  3 ..  :  3  :  13^-' 

:  S/::  .  ;  •  ■  .  >  33-  *  :.3/::  .  ,  -  ,  •:  "31/ 

■  /  ' 

■■r*  •■'■ 

:lt  0^  .t'Cin/ 

:;';T'  e.r':,  .1 

.  ,  :/;3/::kd3;.,...T  j  ..  .  ,iooc 

xi:/ Xx/.,  :  . /'  to  .:.Ol"oXOT  /  ,  C  t  31 

/  xq-  ufeoil  edl  j;  0  alloo  s.xt  lo 
a  X-/A  oo:i  .v3Xox  ♦^ixrLioX 

..  :-.  ^ 

:  ,  ! 

N:o  ■-  •■  .:•: 

.c.  •  •  " 

Ov  lai:*-:-/ 

xd.  ,r: 

^’-xhx:;/'-  /cOO:  tXl  tO  a/J3C  ■'O:.'  tv 

/  i.xt  i:,o£t:;)  3/:'  l.:Oi  o/  lcx  ■•xltor  /  /  ^'' - 

(B  / 

•;  J  .. 

xtx.lx-;.  ;  .:- 

X,  .  ■  %;/"’  _ _ 

.Ixui/d  •-..  to  xot-atLCXoix  qxfx  *61x1 
ooMlo.o  xxcr  3XlloJ,g:  rto  cTi/xXo:  XxOit 

7rixx  r5t''“xilTTc^^  ^  *1  *1 

/  ,  ^  :> 

\  i 

■  ^ 

,  ■:■:  i. 

.1  '  ■;  1 J  •■; 

,  ^01(1/  lu-  .  1.  ■"  ,1’  100^ 

/  .,  x':  //'L/C'/ 1x^0  1:0  oxl:'/'  :'-  ,\'xxX 

^  ::  ^  xl 

(01  ' 

-  66 


fll)  ^OLIN,  0,  and  D^NIS,  7. 

1912*  On  phosphotnngstic-phosphomolybdio  compounds 
as  color  reagents,  J,  Biol,  Chem.  lH;239-243, 

(12) 

l9l5,  A  colorimetric  method  for  the  determination 
of  phenols  (and  phenolic  substances)  in  urine# 

J.  Biol,  Chem,  22:306-308# 

(13)  and  WU,  H, 

l9 19 ,  A  system  of  blood  analysis,  J,  Biol,  Chem, 
38:81-110, 

(14)  GIBBS,  H,D, 

1926#  Phenol  tests,  I#  A  classification  of • the 
tests  and  a  review  of  the  literature,  Chem,  Pevs# 
3:291-319# 

(15)  GIBSON,  C,M. 

1904,  Notes  on  infection  experiments  with  various 
uredineae#  Now  Phytol,  3:184-191, 

(16)  GOBTNEP,  R,A,  and  HOLM,  G,E, 

1920#  The  colorimetric  estimation  of  tyrosine  by 
the  method  of  Polin  and  Denis#  Sci,  52:414-415, 

(17)  GRAVES,  A,H, 

1926#  The  cause  of  persistent  development  of  basal 
shoots  from  blighted  chestnut  trees#  Phytopath, 
16:616-627# 

(18)  GRAY,  G.P, 

1916#  Phenolic  insecticides  and  fungicides.  Gal, 

Sta,  Bui,  267:227-281, 

(19)  HAm,  M.T.  and  ZOESSLER,  Z.Z. 

1922,  A  microchemical  colorimetric  method  for 
estimating  tyrosine,  tyramine  and  other  phenols# 

J,  Biol,  Chem,  50:236-270, 

(20)  _ _ 

19 S2,  A  quantitative  method  for  the  separation  and 
estimation  of  phenols  including,  o-,  m-,  and  p-cresol, 
p-oxyphenylacetic ,  p-oxyphenylpropionic ,  and  p-oxy- 
phenyllectic  acid,  tyrosine  and  tyramine#  J,  Biol# 
Chem,  50:271-288, 

(21)  HAWLEY,  L,P#,  PLECK,  L,C,  and  RICHARDS,  C,A, 

1924#  The  relation  between  durability  and  chemical 
composition  in  wood,  Ind,  Eng,  Chem,  16; 699-700, 


I  o ^ 


/ 


\  '  -  ^ 


67 


(22)  JOHNSON,  T.B.  and  LANS,  S.TT* 

1921.  The  preparation  of  some  alkyl  derivatives  of 
resorcinol  and  the  relation  of  their  structure  to 
antiseptic  properties.  J.  Amer.  Chem.  Soc.  43;348« 
360. 

(23)  LSVINS,  Y.S. 

1920.  The  action  of  proteins  on  the  phenol  reagent 
of  Folin  and  Denis.  Scl.  62:612. 

(24)  MARRYAT,  D.C.E. 

1907.  Notes  on  the  infection  and  histology  of  two 
wheats  immune  to  the  attack  of  Puccinia  glum arum, 
yellow  rust.  J.  Agr.  Sci.  2 :129*l38. 

(26)  MERRILL,  A.T. 

1924.  A  note  on  the  relation  of  pH  to  tungstic  acid 
precipitation  of  proteins.  J.  Biol.  Chem.  60:267*^269® 

(26)  NEWTON.  M# 

1922.  Studies  in  wheat  stem  rust  (Puccinia  graminis 
tritici).  Trans.  Roy.  Soc.  Can.  16(  iSect.  V.)': 

(26a)  NEWTON,  H.,  BROWN,  W.R.,  and  MARTIN,  W.M. 

1926.  The  extraction  of  plant  tissue  fluids  and  their 
utility  In  physiological  studies.  Plant  Physiol# 
1:67-65. 

(27)  PALKIN,  S.,  IHJRRAY,  A.G.  and  WATKINS,  H.R. 

1925.  Automatic  devices  for  extracting  alkaloidal 
solutions#  Ind#  Eng.  Chem.  17:612-614. 

(28)  PELKAN,  K.P.’  . 

1922#  A  quantitative  method  for  the  determination 
of  phenols  in  blood.  J.  Biol.  Chem#  50:491-497. 

(29)  PERKIN,  A.G.  and  EVEREST,  A.E. 

1918.  The  Natural  Organic  Colouring  Matters.  Long¬ 
mans,  Green,  and  Co.  London. 

(30)  POWER,  F.B.  and  SALWAY,  A.H. 

1910#  The  constituents  of  Red  Clover  flowers# 

J.  Chem.  Soc.  97,1:231-264. 

(31)  RAKESTRAW,  N.W. 

1923#  A  quantitative  method  for  the  determination  of 
phenols  in  blood#  J#  Biol#  Chem#  66:109-119# 

(32)  REYNOLDS,  S.S. 

1926#  Nutritional  studies  on  Pusarlum  lini# 

Plant#  Physiol.  1:161-164# 


( 


3  ;:'i  -,.J- 

-'a.:.C.:  .  ■'.  .11- 


...  9  .‘3  (  -  -■ .'^'l  :  .  -.■  •  i  "-  9  ~--.  ,■...:■'  f  ^ 

i •  V; '■:  'i::'.e  xo  ''  ^  x x c  ■: ■/  ij  - 


'?  ■'::'.^.i' : 


^4  t 

*  ^...[  . ..':  '  ■  To. .  '  ■  ’  ':) 


:-V.T  ■■■  ■  '.  ,  , 

floXX':^-o  X:’.:: 


■■a  f 


\  X 


68 


(33)  BOGERSON,  H. 

1910*  The  oonetltuentB  of  the  flowers  of  Trifollum 
inoarnatum*  J*  Chein#  Soo*  97 ,1 : 1004-1016 • 

(34)  RUMSEY,  L.A. 

1923*  The  precipitation  of  proteins  from  cereal 
extracts  by  sodium  tungstate.  Ind.  Eng*  Chem. 
16:270-272. 

(36)  SANRO.  C.E. 

1921.  Occurrence  of  quercetin  in  Emraerson’s  brown 
husked  type  of  maize.  J.  Agr.  Sci.  22:1-4. 

_ 

1926.  The  coloring  matter,  Quercimetrin  from  the 
Chrysanthemum- flowered  Sunflower  (Helianthus  annuus). 
J.  Biol.  Chem.  68:407-414. 

(37)  SHIBATA,  K.,  NAGAI ,  I.  and  KISHIRA,  M. 

1916.  The  occurrence  and  physiological  significance 
of  flavone  derivatives  in  plants.  J.  Biol.  Chem. 
28:93-108. 

(38)  STAKMAR,  E.G. 

1916o  Relation  between  Puocinia  graminis  and  plants 
highly  resistant  to  its  attack.  J.  Agr.  Res. 
4:193-200. 

(39)  THBIS.  R.C.  and  BENEDICT,  S.R. 

1924.  The  determination  of  phenols  in  the  blood. 

J.  Biol.  Chem.  61:67-71. 

(40)  THOMSON,  D.L. 

1926.  The  pigments  of  butterflies*  wings.  II. 
Occurrence  of  the  pigment  of  Melanargia  galatea  in 
Dactylis  glomerata.  Bioch.  J.  20:1026-1027. 

(41)  TILIEY,  P.W.  and  SCHAEFER,  J.M. 

1926.  Relation  between  chemical  constitution  and 
germicidal  activity  of  monohydric  alcohols  and 
phenols.  J.  Bact.  12:303-309. 

(42)  TINS.  E.C. 

1926.  On  the  nature  of  resistance  to  cabbage  yellow. 
J.  Agr.  Res.  32:183-199. 

(43)  TISDALL,  F.F. 

1920.  Estimation  of  the  phenolic  substances  in  urine. 
J,  Biol.  Chem.  44:409-427. 


/ 


I 

\ 


r,-- ."-J' '’loy- t;rcf  "i:o 

'io 


'V  i>  f 


If  n  ^  -  .  '  -  - .  >  >  3  f  .  -  ■ 

't  1  ;■:>  :o  it' ;. 0.3 i-  *  '  '-X 

C<c;  Oht  '  -  v:jXvM-e^  ■.e.ft.'-'.l: 


'  '  - 


'  '^  Vi  1 


(F 


69 


(44)  WALKER.  J.C* 

1923*  Disease  resistance  to  onion  smudge. 

J.  Agr.  Res.  24:1019-1040. 

(45)  _ 

Botrytis  neok  rot  of  onions.  J.  Agr.  Res. 
33:893-92B* 

(46)  _  and  LINDENGRER.  C.C. 

l9 ^4 •  J'urther  studies  on  the  relation  of  onion 
scale  pigmentation  to  disease  resistance.  J.  Agr« 

Res.  29:607-614. 

(47)  _ and  BACTOANR,  E.M. 

1925.  "'tether  studied  on  the  toxicity  of  juice 
extracted  from  succulent  onion  scales.  J.  Agr.  Res. 
30:176-187. 

(48)  WARD,  H.M. 

1902.  On  the  question  of  predisposition  and  immunity 
in  plants.  Proo.  Cambridge  Phil.  Soc.  11:307-328. 

1902.  ilxperiments  on  the  effect  of  mineral  starvation 
on  the  parasitism  of  the  uredine  fungus,  Puccinia 
dispersa  on  species  of  Bromus.  Proc.  Roy.  Soc.  London. 
VI: 138-151. 

(50)  _ 

1905.  decent  researches  on  the  parasitism  of  fungi. 
Ann.  Bot.  19:1-54. 

(51)  WELLERSIEK,  S.J. 

1927.  The  nature  of  resistance  in  Zea  mays  L.  to 
Puccinia  sorghi  Schw.  phytopath.  17':'815-826. 

(62)  WU,  H. 

1920.  Contribution  to  the  chemistry  of  phosphomoly- 
dic  acid,  phosphotungstic  acid  and  allied  substances. 
J.  Biol.  Chem.  43:189-220. 


-1^ 


I 


( 


1-j  ^ C'.-cOiiii: 


o 


4 


:i  ;;•  ■ 


